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What is an Engineer? 


This question is interestingly and cogently answered in 
ur leading editorial. 


Chere is a Difference 


Those who do not realize the difference between a metal- 
urgical engineer and a metallurgist should read our second 
litorial. 


dir plane Engine Mounts 


The various steps in welding the parts of engine mounts 
for Martin bombers is recounted by Mr. Chase in the 
leading article. 


Heat Treating Steel Castings 


The evolution of the heat treatment of steel castings from 
the practice of early days to the present time is discussed 
by Mr. Hall, a man of long experience in this field. 


Aircraft Engine Cylinder Heads 


The various steps in the manufacture of aluminum alloy 
cylinder heads for airplanes by the Wright Aeronautical 
Corp. in a new foundry are pictorially presented in our 
third feature article. 


Electrical Contacts 


_The manufacture of tungsten-copper electrical contacts 
of various compositions by powder metallurgy methods is 
described in our fourth article. Properties of the various 
compositions used are discussed. 


Hydrogen in Steel and Cast Iron 


The second instalment in a series on the presence of 
hydrogen in steel or cast iron and its relation to defects 
in applied coatings is continued. 


Petroleum Coke for Harder Iron 
_The use in the cupola of petroleum coke, which has a 
higher carbon content than ordinary foundry coke, is re- 


ported by Knehans & Berndt (page 608) to produce a 
higher hardness in cast iron. 
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Engineering Digests 





Gas vs. Infra-Red Lamps 


The not-entirely-polite controversy between the propo- 
nents of infra-red ray lamps and the advocates of gas heat- 
ing for the curing of industrial finishes still waxes, with 
the gas man’s side of the picture given on page 618. Did 
you know there are gas burners available, too, for supply- 
ing infra-red radiation? 


German High S pe eds Steels 


An interesting table in an article by Voegelin (page 624) 
on German high speed steels reveals that molybdenum is 
now more “strategic’’ to the Nazis than tungsten. The 
former trend toward molybdenum high speed steels had to 
be reversed when American molybdenum was denied the 
Germans, and high-tungsten steels are now more common. 


Decarburization Aids Brazing! 


This is in a class with ‘Man Bites Dog,” for, except for 
its contribution to the production of European (white- 
heart) malleable, decarburization is generally considered to 
be a complete evil. According to Kelley (page 628) though, 
decarburized steel surfaces braze better than mnon-decar- 
burized. We grow dizzy thinking of the commercial pos- 
sibilities in seHing controlled atmospheres for positive 
decarburization. 


Annealing Aluminum Alloys 


Certain aluminum-magnesium-manganese alloys recrystal- 
lize at a lower temperature than pure aluminum, report 
Bungardt & Osswald (page 632) 


Zinc Alloy Bearings 


Zinc-base alloys show promise as bearing metals, reports 
Weber in a composite on page 638. American engineers 
and the zinc producers can hardly exploit the idea right 
now, but the producers should investigate this application 
thoroughly in the face of that inevitable day when the 
buyer’s market returns with a bang! and everyone is 
scrambling for new products and new markets. 
























ONCENTRIC construction permits use of single cable— 
rather than two single-conductor cables—with resultant re- 
duction in cable investment and greatly reduced voltage drop. 


Exceptionally high-grade insulation—G.E.’s No. 1799 varnished- 
cambric—offers high dielectric strength, long life, and heat 
resistance. Protective finish can be either a flame- and weather- 
resisting braid or a lead sheath, depending upon your individual 
requirements. 


Complete, detailed information on G-E cable for resistance 
welding is available in our new Bulletin GEA-3503. It contains 
useful data on how to select proper size of conductor, and a handy 
table of voltage drop for different ampere ratings. Useful to those 
who use resistance welding. Call your nearest G-E office or dis- 
tributor. Or write to General Electric, Schenectady, N. Y. 


GENERAL @ ELECTRIC 


501-4-1200 & 8748 








editorial 


















































What’s an Engineer ? 


We have all heard the definition of an engineer 
s the man who can do for ten cents what any damn 
ol can do for ten dollars. A more formal 
lefinition was given by Ormondroyd in the March 
ssue of the Journal of Applied Mechanics: “An 
ngineer is one who uses natural materials and ener- 
ies to maintain human existence with the least pos- 
ble expenditure of human effort.” In other words, 
e's an aid to laziness, or to having time to go 
shing. 

This definition makes no distinction among dif- 

rent brands of engineers. Before the other en- 

neering sub-divisions grew up, the term ‘“‘civil 
igineer’’ included all engineers other than ‘‘mili- 
ity.” In thinking over this definition, one is at 
irst inclined to except the military engineer from 
nose ‘‘striving to maintain human existence with the 
east expenditure of human effort.” But he could 
ply that by going to great temporary expense in 
numan effort and by ending the human existence of 
is many as possible of the enemy forces, he is, in 
the long run, hoping to maintain the more effort- 
less existence of the people of his own country. 

Certainly a little more expenditure of the proper 
type of effort at the right time would have avoided 
the present plight and slavery of France. One might 
set down, as a corollary to the definition, that an 
engineer does not hesitate to expend materials, ener- 
gies and human effort at one time in order to save 
human effort at a later time. 

The labor union racketeer claims that his extor- 
tion of initiation fees and dues in order to exercise 
the right to work has as its ultimate aim the main- 
tenance of the laborer’s existence with the least pos- 
sible work. The politician always claims that his poli- 
clés are aimed toward providing a practically work- 
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less existence for all, and it sometimes comes out 
that way for some of his appointees. 

These claims mislead people into actions that often 
bring just the opposite effect from that promised. 
The racketeers and the politicians do not employ 
“natural materials and agencies’; the engineer does. 
The “natural materials and agencies” follow immut- 
able natural laws so that once the engineer under- 
stands those laws, his results are predictable and cer- 
tain. These laws don’t have to be periodically re- 
purchased by union dues nor voted into office. 

It’s the engineer, and the metallurgical engineet 
along with others, not the blatherskites, who will see 
to it that we and our children can both exist and 
have time to go fishing. —H. W. G. 


Mind your own Business ? 


In conversation at the lunch table a while ago 
with an able and well-known metallurgical engineer, 
we were shocked by a tale he told of cracked castings 
in which the metal was O.K. but the design rotten 
When these facts, which were of course immediately 
evident to him, were proven, a slight design change 
cured the trouble. 

We asked, “Why wasn’t the design submitted to 
you for comment before the castings were made?” 
He said, “Oh! in our plant that’s the business of the 
foundry superintendent, not mine.” We told him 
that his organization evidently had a cockeyed con 
ception of the field of the metallurgical engineer. 
The American Foundrymen’s Association has no 
idea that any water-tight compartment separates the 
metallurgical engineer and the rest of the plant, for 
its handbooks pay equal attention to casting design 
and the composition and properties of the metal that 
go into those castings. 

We recall that once in our own early experience 
we were discussing purely metallurgical matters with 
the general manager of the plant we were then work- 
ing for, and after those things had been thrashed 
out, he said, “Well, got anything else on your mind ?”’ 
We said, ‘Yes, though you may say it’s none of 
the metallurgical department’s damned business, why 
does the plant carry out this operation in this fash- 
ion?”’ He replied; “We'll look into that operation, 
but you've brought up something even more im- 
portant. The only people that this plant can hope 
to develop into positions of greater responsibility are 
those who do stick their noses into matters that are out- 
side their routine duties. No man ever needs to 
apologize to me for being curious about anything 
that affects our operations, and I'll always have time 
to discuss matters with any of our men. Most 
of the useful innovations around here came because 
somebody did stick his nose into what could be termed 
the other man’s business.”’ 


(Continued on page 590) 
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THREE WAYS TO WORK 
ON THIS 


PROBLEM OF STEEL 


FIRST...Place your steel requirements clearly and 
fairly before your regular source. Explain exactly what 
you need and when you need it. Don’t try to get a 
corner on steel. 


SECOND... Determine the physical property re- 
quirements for each job. List possible substitutions 
that may be used if necessary. 


THIRD...Fill your immediate requirements with 
steel from warehouse reserve stocks. To save time send 
open orders, as needed sizes may be sold while the 
quotation is being made. You know this method is 
entirely safe through the Ryerson one-price policy 
of many years standing. Naturally, some sizes are 
missing but we can provide prompt shipment on most 
all steel products from our nearest plant. 


When you have a problem of application, substitution, 
fabrication or procurement phone, wire or write us. 
We will be glad to work with you. Joseph T. Ryerson 
& Son, Inc. Steel-Service Plants at: Chicago, Detroit, 
Milwaukee, St. Louis, Cincinnati, Cleveland, Buffalo, 


Boston, Philadelphia, Jersey City. 
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Welding Engine Mounts 


for Martin Bombers 


hy HERBERT CHASE 


This article describes the various steps which The 
Glenn L. Martin Co. of Baltimore, producer of many 
types of aircraft, uses in making engine mounts for 
Martin Bombers. These mounts are constructed of 
).A.E. X 4130 chromium-molybdenum seamless steel 
‘ubing and the oxy-acetylene flame is used. The 
ipparatus which is used in the various preliminary 


and final welding operations is described as well as 
that necessary to straighten and align the finished 
product. 

The article has a distinct defense and prepared- 
ness flavor, supplementing those we published in the 
October, November and December issues. 

The Editors. 





form parts of the light bombers produced by 
The Glenn L. Martin Co., Baltimore, Md., are 
hose known as “167” engine mounts. These struc- 
ires form the supports for the radial cylinder en- 
ne, at their front end, and are joined to the nacelle 
ilkhead at their rear end. They are constructed 
irgely from S.A.E. X 4130 chromium-molybdenum 
eamless steel tubing having wall thickness ranging 
‘rom 0.049 to 0.083 in. Sockets at the bulkhead 
nd are steel forgings and the lugs to which the 
‘ngine is bolted are also forgings, drilled axially, 
to form a bolt hole, and provided at each end with 
an ear stamped from sheet stock and welded to the 
forging. The only remaining parts required to com- 
plete the mount are gusset plates which are stamped 
and subsequently formed to provide U-shaped sec- 
tions and a contour such as to fit between the tubes 
they brace in the assembled structure. 

All these elements are received by the welding de- 
partment cut or formed to the required length or 
shape. The ends of the straight tubes are all milled 
to such contours as to fit the members to which 
they are to be joined by welding. One of the major 
members of the mount is the ring of tube used at 
the engine end. This is received ready formed to 


annular shape but without the ends joined by weld- 
Ing. 


Nor THE HIGHLY STRESSED STRUCTURES which 
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Oxy-acetylene Welding Used 


All welding is done with oxy-acetylene torches 
and, where welding is facilitated by preheating, a 
flame is used for this purpose. This is required, of 
course, primarily where lugs and sockets of thick 
section must be welded to thinner metal. Welding 
rod is of 1/16-in. diameter and of low carbon steel 
which is found to pick up, in the welding process, 
enough of the alloying elements from the parts 
welded to insure joints of ample strength. 


The first major welding operation joins the ends 
of the tube which forms the ring, but, while this is 
proceeding, the lugs to fit the ring are built up by 
welding ears to the short lengths of bar, which are 
really thick-wall tubes, since they already have an 
axial hole. These minor sub-assemblies are welded 
at benches, and the next operation, on the main as- 
sembly, is to tack weld the ears of the lugs to the 
annular tube. This is done in a flat jig with pins 
which hold the lugs in correct position while they 
are being tack welded. Next, the ears of the lugs 
are welded to the annular tube over the full length 
of arcs where the ears contact with the tube. 


A Stretching Jig 


This completes the first major unit of the main 
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‘sembly but, as the welding causes the tube to con- 
act slightly, it is placed in a flat stretching jig. 
(his is provided with spoke-like members consisting 
ssentially of tubes into which bolts are threaded, 

» that the length of the strut is easily varied. These 
spokes” contact with a circular boss or “hub” at 
ie center of the jig and are lengthened as may be 

quired to stretch the annular tube and insure that 
he holes through the lugs come at correct radial 
istance from the center. 

Rings thus completed are passed to the main as- 
sembly jig in which the ring is assembled by tack 
welding to legs, gussets and braces. Other joints, 
such as those where Y-braces join and where legs 
ind braces are joined to the sockets at the fuselage 
end of the assembly, are also tack welded. In this 
main assembly jig there are clamps to hold each of 
the tubes in correct position while they are tack 
welded together and the gussets are tack welded in 
place. The jig is used, of course, not only to posi- 
tion the respective units, taken from adjacent tote 
boxes, but to insure that the dimensions of the final 
assembly will come within required dimensional 
limits. 


Final Welding 


Assemblies which have been tack welded in the 
manner indicated are then ready for final welding 
for which several welding stands are provided sO 
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A portion of the department in which the engine 
mount described in the text is acetylene welded. In 
the foreground are shown some of the welding 
stands arranged for convenient rotation of the work 
so that all welds can be made in a position belou 
the flame. To the right are seen the fixture used in 
tack welding lugs to the ring and one for stretching 
the ring thereafter to bring the lug holes into cor- 
rect radial position. 


that as many different welders can work simul- 
taneously as there are stands. Each stand has a flat 
circular plate located in a vertical plane and pivoted 
so that it can be rotated about its center. The an- 
nular ring of the tack welded assembly fits against 
this plate and is fastened to it securely by clamps 
with pins through each engine mounting boss. 

This arrangement has the advantage that the as- 
sembly is easily turned by hand about the supporting 
pivot to bring the joints to be welded into a con 
venient position for the welders to work to best 
advantage. It makes it possible for them always to 
weld “down,” that is, with the joint being welded 
always below the flame, never above it. This is true 
not only of welds on the outside of the assembly 
but of those on the inside. To facilitate welding 
inside joints when these come in desired position 
at low levels, operators are provided with low 
stools on which to sit while making these welds. 
After each weld is made, the operator is required 
to stamp it with his number so that he can be held 
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Setup of radial drill with jig for holding the engine 
mount and for locating the tools which ream and 
face the engine mounting bosses. 


responsible for and make good any defective welds 
which may be found in later inspection. 

Since welding, no matter how carefully done, may 
result in some distortion of so large an assembly, the 
latter is tested in a jig and is straightened, if re- 
quired. Assemblies are then ready for test and in- 
spection. Since the structure is made from _ tubes 
which are inter-connected and have only a limited 
number of holes, it can be and is tested under air 
pressure after plugging the holes temporarily. When 
the pressure is applied, the welded joints are covered 
with a soap solution so that bubbles will form where 
any joints made by welding may leak. If leaks are 
discovered, of course, they are stopped by further 
welding before the assembly is passed to the next 
operation. 


Some Machining Necessary 


Welded assemblies are required to come within 
certain dimensiona! limits, but it is not feasible to 
make these as close, at critical points, as is required 
under the specifications which apply, without doing 
some machining. In consequence, some extra metal 
is left for machining at the engine mounting bosses 
and at the sockets for attachment to the fuselage 
frame. This machining is done in radial drill setups 
with jigs and tooling such as to insure the close 
dimensions specified. 

In the first of these setups, the mount is placed 
in a jig on the base of the radial drill, with the 
annular ring at the top, as shown in one illustration. 
A jig plate is placed on the top face, after which 
the hole through each engine mounting boss is 
reamed to size and with its center, of course, de- 
termined by a bushing in an arm made to swing 
about the center of the plate. Then the top face 








Final machining setup showing the substantial jig 
used to locate the engine mount and the tools which 
face and ream the sockets which later join the engine 
mount to the fuselage of the bomber. 


of each mounting boss is faced, using an end mil! 
piloted in the reamed hole. Finally, in the sam 
setup, the under face of each boss is faced flat fron 
below, using again an end mill which, in this in 
stance, cuts on its upper face and is piloted, as be 
fore, by the reamed hole. It is necessary, of cours« 
to remove this end mill from the driving chucl 
after each boss is faced and before the spindle o! 
the drill press is swung into position for the next 
hole. After each boss is thus finished, the assembly 
is removed and passed to another radial drill. 

In this final setup, the engine mount is placed 
in a jig which locates it with the ring at the botton 
and positioned on the bosses machined in the prio: 
operation. This jig also has locating bars which 
enter the sockets from below and a supplementary 
jig is placed in the position shown on top of the 
sockets. This portion of the jig is centered on a 
pivot carried on a column forming part of the lower 
jig and carries bushing located at the correct radius 
to guide the tool which faces and reams each of the 
sockets at the four corners. By the use of these 
sturdily built jigs it is possible to hold the height 
from the engine mounting bosses to the face of the 
sockets within 0.005 in. of the drawing dimension, 
even though the over-all dimension of the mount is 
large and a welded structure of light tubing is used. 
The jigs also insure holding the radial distances and 
angular spacing required. 

This operation completes a structure which, de- 
spite its light weight, is exceedingly strong and 
rigid and is ready to be assembled to the fuselage 
of the bomber on the main assembly line in which 
the fuselage is put together. The production of 
this mount is an excellent example of welded struc- 
ture fabrication and is typical of that required for 
highly stressed elements of a modern Martin bomber. 
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Heat Treatment of 
Steel Castings 


—Early History 


by JOHN HOWE HALL 


Consulting Metallurgical Engineer, Chestnut Hill, Phila- 
delphia. 


The early days of the heat treatment of steel cast- 
ings give rise to some interesting history. In the 
early history of the steel casting industry some strange 
practices in annealing or heat treatment were carried 
on. We recall that it was once thought that if a 
casting were “red” when it came out of an annealer, 
it was satisfactorily “heat treated’’—no attention was 
paid to the fracture. We recall certain other facts— 
a casting was pronounced “annealed” if it were 
allowed to rust over night in the dampness. And 
such castings passed the inspectors! 

Great strides have been made since those days in 
our knowledge of the proper heat treatment neces- 
sary to attain a fine structure. No man is better 
qualified to recount the history of this development 
than the author of this article. And it 1s most inter- 
estingly told.—E.F.C. 





e author (center) and two of his associates in the 
metallographic laboratory about 1908. 


N THE INTERCHANGE OF NOTES between the silent 
lovers in H. C. Bunner’s immortal ‘Love Letters 
of Smith,” the swain volunteered the information, 

“I was one v’yage to Van Diemen’s land.’’ To his 

lady's scribbled reply, “That must have been very 

interesting,’ came the laconic response, “It worn’t.” 

Something the same thought comes to my mind when 

I recall our instruction in the metallography and heat 

treatment of cast steel, in the early days of the 

present century. 
Fred McIntosh, Arnold Jackson, Bill Meade, and 

a few others, sat with the author at the feet of Albert 

Sauveur, pupil and friend of Howe, and later his 

successor as the leading metallurgist of the country. 

Most of the work on the microstructure, and heat 

treatment of steel, up to that time,*had been carried 
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Early type of French made metallographic micro- 
scope used in 1908. 


out on rolled or hammered material, and it was not 
yet even suspected that the metal in the cast state 
might react differently to heat treatment. 
Accordingly, we were taught that in the cast state, 
ordinary steel has a coarse microstructure of ferrite 
and pearlite, and we were shown etched samples and 
photomicrographs that correctly represented the un- 
treated metal. To refine this structure, we were told, 
required simply a short heating above the critical 
temperature range, and a slow cooling in the furnace. 
The steel should then show a finely divided pearlite- 
ferrite structure, exactly the same as that of a pre- 
viously over-heated piece of rolled steel of similar 
carbon, after such an anneal. The structure of the 
cast metal, indeed, was considered to be closely simi- 
lar to that of rolled steel heated to some 1100 or 
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Structure of cast steel (0.43% C.) as cast. 
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Structure of cast steel (0.42% C.) annealed at 900 
deg. C., slow cooled to 800 deg. C. and quenched. 


1150 deg. C., and it was supposed to respond simi- 
larly to simple annealing. 

Therefore, several two-man squads of earnest 
pupils, after polishing, etching and examining the 
structure of samples of as-cast steel furnished in 
the laboratory, proceeded to give their specimens the 
prescribed heating to 900 deg. C., followed by a 
furnace cool. To our disgust, the annealed speci- 
mens, though considerably changed in microstructure 
from that of the raw steel, still showed abundant 
traces of the primary ferrite, and nowhere was the 
structure fine, like that of the well-behaved rolled 
material. After a peek through the microscope, the 
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verdict of the Professor was immediate and laconic, 
“You did not heat those pieces above the critical 
temperature range.” Back to the laboratory to repeat 
the experiment went the obedient squads, to secure 
the same unsatisfactory result a second time, with 
the same verdict on our work. We passed on to the 
next item on the program of the course, with a poor 
mark for the cast steel experiment, and a lurking 
suspicion that there was a sour note somewhere. 
The next year, while I was laboring as a graduate 
student, making some of the earliest melts of 
vanadium steel that were produced in this country, 
the metallography class consisted of a group under 
the inspiration of Ken Lewis, whose motto proved 
to be, “Show us, we’re from Missouri.’”” Remember- 
ing the experience of us, their predecessors in ‘‘Metal- 
lurgy 14—Elementary Metallography,” they were out 
to show or be shown on the cast steel sample, and 
at least one squad subjected a specimen to no less 
than 19 successive heatings to 900 deg. C., and cool. 
ings in the furnace, with substantially the same 
microstructure every time. Like Smith’s views of the 
vyage to Van Diemen’s Land, their verdict wa: 
finally ‘‘ ’Tisn’t,”"—but they had no answer as to hoy 
the job should be done, to secure fine microstructure 


On the heels of that, Lewis, Jackson and I wen 
to the Bethlehem Steel Co.’s old Lehigh plant, an. 
while learning to make steel and pounding sand it 
the foundry, I forgot for the time the vexing questio: 
of how to give cast steel a fine microstructure, I: 
fact, beyond listening to my molder friends’ explana 
tion that the annealing of steel castings resulted i: 
the elimination of a large part of the carbon, wit! 
resulting change from a brittle to a ductile state, anc 
the observation that removing the covers from th: 
old-fashioned pit annealers gave the castings at th: 
top of the heap higher yield points, I cannot recal 
that I gave the heat treatment of cast steel much 
thought. Making open-hearth and crucible steel, 
heating and hammering tool steel bars (it was almost 
treasonable then to think of rolling them!), making 
bullet-proof thin shield plates for field guns, and 
similar matters, occupied all my attention. 


There followed an experience as a melter in a 
crucible steel foundry, where I learned that a terrible 
epidemic of blowholes that appeared only upon 
machining the castings was not due to gassy steel, 
but to over-bonded hard-rammed sand mixed by the 
ex-gray iron foreman in charge of the molding floor. 
Then, late in 1906, my fate took me to the old 
Taylor Iron & Steel Co., as metallographist, and 
back to the heat treatment of cast steel, under the 
direction of the vice president, the late Henry M. 
Howe. Then indeed I went on a “v’yage’’ of dis- 
covery, fortunately interesting to a degree, in striking 
contrast to Smith’s Van Diemen’s Land trip. 

After a few weeks’ work in the Columbia Uni- 
versity laboratories, under the eye of the late William 
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Campbell, as fine a gentleman and as gentle a soul 
as ever drew the breath of life, I was sent out to 
High Bridge to go to work in earnest. At Columbia 
I had solved the (then) tough problem of etching 
austenitic manganese steel, whose microstructure up 
to that time had been a closed book, and at the plant 
laboratory I expected to work out the heat treatment 
of carbon cast steel in the intervals of investigating 
and systematizing that of the austenitic material. 
Had any one told us at the start that we would be 
two years in solving the problem that we had just 
bowed to in Sauveur’s laboratory, we would have 
smiled a superior smile—but as it turned out, we 
did not have the full answer for nearly two years. 
Our first work, planned by Howe, and only just 
looked at by my predecessor as metallographist at 
High Bridge, was to secure pieces 1/, in. cube, from 
\/, in. square cast steel bars, and from the outside 
corners and the centers of 6 in. square coupons from 
the same heats. In each size we poured samples 
from a heat of 0.25 per cent carbon, one of 0.40 
er cent carbon, and one of 0.55 per cent carbon 
teel. These pellets, wired together in sets of nine, 
ere heated for 1/, hr., 1 hr. and 2 hrs. to different 
nperatures, and cooled in a box of lime, to secure 
slow” cooling. After one or two hours heating at 
0 deg. C., the pieces cooled in the lime box showed 
expected finely divided ferrite-pearlite micro- 
icture, and our problem appeared to be solved. 
Castings were then ordered annealed at 900 deg. 
for from 2 to 4 hrs., followed by cooling in the 
naces, and coupons cut from them were sent to 
laboratory for examination and test. To our 
-gust, they showed the coarse microstructure, with 
ndant traces of primary ferrite, that we had seen 
Sauveur’s laboratory some years before. 
\t first, of course, our verdict was the same as 
iveur's, that the castings had not been heated to 
temperatures reported. Personal observation of 
heating of a few annealing furnace charges 
mn disposed of this contention, and we were 
ick where Lewis left the problem, after he 
proved that 19 heatings and slow coolings did not 
give the desired structure. Naturally, by now we 
were beginning to see that there was a strong proba- 
bility that slow cooling produced the undesirable 
microstructure in cast steel, although for rolled mate- 
rial it was satisfactory. Experiments to ascertain the 
truth of this postulate were immediately undertaken. 
By heating cast steel bars to 900 deg. C. for the 
proper length of time in the laboratory furnace, and 
cooling them in air blast, in still air, in lime and in 
the furnace, we soon found that only the bars cooled 
slowly in the furnace had the coarse structure, some- 
what resembling that of as-cast material, which we 
had obtained by annealing and slow cooling in fur- 
naces of commercial size. A set of bars annealed at 
900 deg. C., cooled slowly to different temperatures, 
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Structure of cast steel (0.41% C.) annealed at 900 
deg. C., slow cooled. 





Structure of cast steel (0.41% C.) annealed at 900 
deg. C., cooled in 40 min. 


and quenched in water to fix the existing structure, 
showed that the coarse structure appeared upon cool- 
ing to some temperature between 800 and 750 deg. C. 
—in other words, free ferrite was liberated on cool- 
ing past Ar, into the critical temperature range. We 
soon learned that if cooling from 900 deg. C. to black 
heat took place in 20 min. or slightly over, a fine net- 
work microstructure resulted, while a slower cooling 
rate gave rise to the coarse structure. In small pieces, 
cooling in the air blast produced large lakes of sorbite 
almost entirely free from ferrite dots as seen under 
low magnifications, in a background of fine ferrite- 
pearlite net-work structure, while in specimens cooled 
in still air, only the latter was present. 
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At about this stage of the proceedings, test speci- 
mens were sent to Professor Campbell at Columbia, 
who soon proved to his own satisfaction that anneal- 
ing cast steel at 900 deg. C., followed by ‘‘slow 
cooling” gave satisfactory fine microstructure. His 
conclusions, which were published somewhat later 
in a paper before the American Society for Testing 
Materials' were briefly that “Cast Steel is completely 
refined by heating a little over Ac,.;, except when 
there is a net-work of manganese sulphide or slag 
globules present—in which case some traces of ferrite 
remain.’ The temperature he found necessary for 
complete refining was 855 deg. C. The photomicro- 
graphs he exhibited in proof of this conclusion 
show plainly that his samples had cooled at a com- 
paratively rapid rate. When, some years after this, 
he put on Uncle Sam’s uniform and served at the 
Brooklyn Navy Yard on plant-scale furnaces, he saw 
he had been deceived by the too-rapid cooling rate 
of his small laboratory furnace, which gave fine 
structure in the cast specimens, just as did our own 
lime-box cooling of nine 1/4, in. cubes wired together. 
Professod Campbell's standing, of course, was such 
that his conclusions, erroneous as they proved to be, 
were a thorn in my side for several months. 


In view of some of the more recent researches on 
the heat treatment of cast steel, such as those of 
Merten and of Fletcher Harper, in which a pre- 
liminary annealing at a comparatively high tempera- 
ture was recommended for heavy castings, it is inter- 
esting to note that not long before Campbell con- 
ducted this research, he cooperated with Howe and 
Koken in work to determine at what temperature 
the “‘ingotism’’ of cast steel could be eliminated. 
Their conclusions? were that at temperatures of 1180 
to 1194 deg. C., ingotism is rapidly eliminated. The 
attempt, now known to have been unsuccessful, of 
later investigators to utilize these high temperatures 
to anneal castings of very heavy section, and com- 
pletely refine their microstructures, thus had its origin 
in this early work of Howe and Campbell. 


It seemed clear from our own work, despite Camp- 
bell’s findings, that only when the cooling took place 
in less than 1/, hr. could satisfactory microstructure 
be expected. For castings not to be subjected to very 
severe service, and of such size that groups of them 
could be made up so that they would cool in approxi- 
mately 1/, hr., we adopted a single anneal, similar 
to the plain normalizing often practiced today. How- 
ever, at that time we were most interested in steel 
containing from 0.40 to 0.55 per cent C, and many 
of the castings were of such size and shape that they 
cooled comparatively rapidly. The result, of course, 
was that the elongation and reduction of area of 
these castings were lower than we considered de- 
sirable, and a drawing or tempering treatment after 
the air cool was necessary to give proper toughness. 
It seems strange today, but Howe laid it down as 
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tundamentai that this ““draw’’ must be at a tempera- 
ture above Ac,, since only by heating above that 
temperature, he thought, could re-arrangement of the 
microstructure and the desired improvement of duc- 
tility be secured. And here the train went into the 
ditch with a vengeance! 

Had we examined our results more closely and 
with an open mind, we might have been spared much 
trouble and endless work, for the answer was there 
in our first efforts for anyone to see. Bars annealed 
at 900 deg. C., and either quenched or air-cooled, 
were reheated to various temperatures from 500 to 
750 deg. C., and satisfactory fine microstructures 
were secured in those heated to temperatures not 
exceeding 700 deg. C. At 750 deg. C., signs of 
free ferrite began to appear—but again the bug-a-boo 
of insufficient heating at 900 deg. C. was raised to 
account for this result, so that attention was diverted 
from the real cause. 


Our mechanical properties, too, were rather erratic 
making it difficult at times to properly interpret ou: 
data. This was because the “keel-block” type o! 
coupon for cast steel had not then been invented 
and our test bars were at first cut from longitudin: 
sections of bars cast on end, 4 in. square by 12 i 
long, one quarter being used for an “‘as-cast’’ te 
bar, and succeeding quarters being used for testin 
after the anneal. 

These bars varied in a disconcerting way in elong 
tion and reduction of area, and so did independent 
cast test pieces of various cross-sections. Keeping 
mind the then still accepted view that over-heat 
rolled steel would behave in heat treatment exact 
the same as the cast product, Howe then direct: 
us to pour a number of ingots from one of our cas 
ing heats, and have them rolled to 1-in. round ba: 
The rolling was done for us at the Carpenter St 
Works in Reading, Pa. These bars, of course, we 
free from the variations in mechanical properties tha 
had plagued us with our early cast steel bars, and by 
heating them to 1150 deg. C., or so, we gave them 
a “plenty coarse’ microstructure. 

These ‘‘overheated rolled bars’” were now substi 
tuted for as-cast material, and it was found that 
annealing at 900 deg. C., air cooling, and reheating 
at 740 deg. C. resulted in a perfect, finely divided 
ferrite-pearlite structure. When cast specimens simi- 
larly treated in the laboratory furnaces showed free 
ferrite masses in a fine ferrite-pearlite background, 
after reheating at 750 deg. C., and only a fine struc- 
ture if the reheating were at 700 deg. C., I was still 
told that the first heating was at fault. The work 
of Howe, Campbell and Koken was recalled, and | 
was directed to anneal- ‘‘overheated rolled bars’ at 
940, 980 and 1000 deg. C.., air cool, and reheat to 
750 deg. C. Satisfactory microstructures resulted. It 
was further found that in order to properly refine 
the net-work structure set up in “overheated rolled 
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bars” by air cooling from 900 deg. C., a temperature 
of at least 740 deg. C. was required. Temperatures 
of 700, 710, 720 and 730 deg. C. did not produce 
refining; 740 or over did, though there was a rapid 
increase of the grain size when temperatures as high 
as 780 deg. C. were employed. 

It was also suggested that the liberation of free 
ferrite in cast steel on reheating the air-cooled mate- 
rial to 750 deg. C., might be caused by slow heating 
to and cooling from that temperature, too long hold- 
ing, or what not. Rapid coolings from the draw, 
however, did not give the expected results, short 
holdings did not give sufficient ductility, and it was 
decided to rely entirely upon the conclusions derived 
from the tests on ‘‘overheated rolled bars.”’ 


Incidentally, an attempt was made to refine the 
structure of the “‘overheated rolled bars’ by anneal- 
ing for several hours at 880 deg. C., and cooling 
slowly in the furnace, a la Campbell. The structure 
was not properly refined, contrary to Campbell's 
findings in the case of cast steel, abundant traces 
remaining of the coarse structure of the overheated 
teel. 

Relying, to our sorrow, upon the results secured 
n the “overheated rolled bars,” the annealing fur- 

ces in which our castings were being handled were 

it on a schedule involving holding for 4 hrs. at 900 

g. C. after the castings were at that temperature, 

cooling by removing the castings from the fur- 

e, reheating to 760 deg. C., for several hours, 

| then cooling slowly in the furnace. On each 

the castings to which a coupon was attached we 
iced an “overheated rolled bar,’’ whose structure 

s to be a guide to correct heat treatment. 


he mechanical properties of cast coupons attached 
their long dimension to places on the drag side 
comparatively heavy castings, we had now found 
be comparatively free from the variations we had 
perienced with our 4-in. square separately cast bars. 
that we had a reliable test for the properties ot 

castings, to compare to that of the ‘‘overheated 
led bars.” 


When we had examined and tested a few furnace 
narges of castings under the new schedule, we found 
hat most of the overheated rolled bars treated at 
100 and 760 deg. C. showed complete refinement of 
the microstructure, but a very large number of the 
cast coupons exhibited large or smal] masses of free 
ferrite in a background of refined structure, and were 
somewhat deficient in ductility. In cases where the 
microstructure of the cast coupons was free from 
these ferrite ‘‘lakes’’ and resembled Campbell’s one- 
heat “completely refined” structure, ductility was 

generally satisfactory; the accompanying ‘‘overheated 
rolled bars” were then in almost all cases found to be 
improperly refined. Of course, this indicated that 
there were considerable variations in the draw tem- 
perature in different parts of the furnace, which in 
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Structure of cast steel (0.43% C.), annealed at 900 
deg. C., cooled in 10 min. 





Structure of cast steel (0.59% C.), annealed at 900 
deg. C., air cooled, reheated to 760 deg. C. and 
slow cooled. 


the rather crude coal-fired furnaces of that day was 
not to be wondered at. 

In a last lingering effort to ascribe this free ferrite 
in the cast steel to insufficient heating at 900 deg. C., 
resulting in ‘remanent’ rather than ‘“‘re-nascent’’ 
ferrite, experiments at the high temperatures sug- 
gested by Howe, Campbell and Koken were renewed. 
A number of specimens of cast steel were annealed 
at 1000 deg. C., for periods up to 7 hrs., and cooled 
in air. This gave a microstructure not much coarser 
than what we secured on air cooling from 900 deg. 
C., but containing some areas of sorbite with little 
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Structure of cast steel (0.50% C.), annealed at 900 


deg. C., air cooled, reheated to 700 deg. C., and 


slo WwW cooled. 


or no free ferrite, like those in samples cooled from 
900 deg. C. in an air blast. Upon reheating these 
specimens at 760 deg. C., however, the undesired 
areas of free ferrite promptly reappeared, the struc- 
ture being but little different from that of the pieces 
heated to 900 and 760 deg. C. If there were any- 
thing in the idea, recently advanced, that heating to 
high temperature results in more completely breaking 
up the original cast structure, we should not have 
had this immediate and complete reappearance of 
the ferrite “lakes’’ on heating above Ac,—but we 
did. 

When the investigation had reached this point, 
with the main problem, that of securing fine micro- 
structure and maximum mechanical properties still 
unsolved, the management of the company showed 
signs of losing faith in our ability to reach a success- 
ful conclusion of our work, and on a long evening 
walk with the active manager, the late Knox Taylor, 
I was told that if I did not get the investigation 
cleared up in a short time, the metallographic depart- 
ment would be abolished as a failure, and my job 
naturally would go with it. Though our success in 
improving the heat treatment of austenitic manganese 
steel, and other shop processes, had been so outstand- 
ing that I did not really credit this veiled threat at its 
full worth, still naturally it put me on my mettle, and 
the investigation from that time went under forced 
draft, with fire flying from the top of the stacks, so 
to speak. 

To disprove the theory, to which Howe still 
seemed inclined to hold, that the free ferrite we were 
striving to eliminate was remanent, I compared and 
tabulated the physical properties and microstructures 
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of over 700 cast coupons and “overheated rolled 
bars."” My conclusion was that the way to eliminate 
the undesirable free ferrite ‘lakes’ which corre- 
sponded with low ductility, was to lower the tempera- 
ture of the draw to below Ac,, rather than raise the 
temperature and prolong the time of the first anneal. 
The tabulation had shown that the elongation and 
reduction of area of the cast steel were uniformly 
lower when free ferrite was present than in the bars 
that had uniform fine microstructure, and as afore- 
said, that these ferrite ‘‘lakes’ usually were found 
in cast coupons accompanying perfectly refined ‘over 
heated rolled bars.” To prove definitely that the 
draw temperature should be below Ac,, we resorted 
to the old reliable ““Metcalf’’ bar. After air cooling 
from 900 deg. C., a test bar was reheated to 760 
deg. C. at one end, the heat tapering off to perhaps 
400 deg. C. at the other. The hotter end showed 
the undesirable free ferrite, “‘lake’’ structure, while 
in parts of the bar that could not possibly have been 
heated above Ac,, the long-sought fine microstructure 
was found. 


On Sept. 17, 1908, I recommended that the h: 
treatment schedule should be heating to 900 deg. ‘ 
air cooling, and reheating for 3 hrs. to 700-725 di 
C., followed by air cooling, and then started in 
prove to our still somewhat skeptical consulting met 
lurgist and vice president that I had the right answ: | 
Cast bars air cooled from 900 deg. C. were reheat: 
to various temperatures from 700 to 760 deg. 
and it was soon found that heating above Ac, 
more than a very few minutes resulted in the lib: 
tion of free ferrite and lowered ductility, while h« 
ing at 700 or 720 deg. C. gave satisfactory struct 
and properties. To prevent heating in practice 
undesirably high temperatures, in the hotter pa 
of our old annealers, we now made this temperat 
680 to 700 deg. C. Our castings were now found 
to have the desired fine microstructure and cor 
spondingly high ductility. Their properties have 
been described in other papers published in the tech 
nical press. 


With the idea in mind that impurities, as stated 
by Campbell, might be the underlying cause of the 
persistent reappearance of ferrite in coarse masses 
upon cooling slowly from 900 deg. C. into the 
critical temperature range, or reheating the rapidly 
cooled steel into that range, we next obtained samples 
of basic electric furnace cast steel, with very low 
phosphorus and sulphur content, There were no 
electric furnaces in American foundries at that time, 
and our samples were obtained from France, and 
were so attached to heavier castings as to eliminate 
irregularities in mechanical properties. This steel 
was found to behave in heat treatment the same as 
the bottom blown converter steel we had been work- 
ing with, so that we were forced to the conclusion 
that, at least within practicable ranges of chemical 
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composition, we must accept the results we had 
secured as normal, 

That the draw temperatures we found gave nor- 
malized ‘‘overheated rolled bars’ a fine microstruc- 
ture, resulted in the reappearance of free ferrite in 
the normalized and drawn cast steel, and that a 
draw temperature that gave the best structure in the 
normalized cast steel, was insufficient to refine the 
structure of the normalized ‘‘overheated rolled bars,” 
seemed at the time a strange result. Nevertheless, it 
was a fact, and as I was working for a man who 
demanded absolute proof at each step of an investiga- 
tion, it was proved several times over. 


That we should have decided to adopt air rather 
than slow cooling, following the draw heat on our 
castings, as described above, was less abrupt than it 
sounds in this description. Howe had devised a test 
piece to measure roughly the remanent stresses in 
cast steel after various treatments, which has been 
Jescribed in the author's book on ‘‘The Steel Foun- 
dry.” By means of that test piece, we had learned 
that there are large remanent stresses in cast steel 
efore any heat treatment, even when the bar was 

“oled in the mold, rather than being shaken out of 

e sand and cooled in air. After slow cooling from 

anneal at 900 deg. C., the stresses, as well as we 

ild measure them with this test piece and a mi- 

meter scale, had been reduced to zero. The same 

ng was found for the normalized material—there 

‘s of course a large stress in the normalized piece 

ore the draw, but after heating at 700 deg. C., 

ecially when this temperature was held for several 

irs, the stress had again been reduced to zero. 

»wly cooled after the draw, there was no stress we 

ld measure, and even after air cooling from the 

2w heat, the stress was so slight, if existent, that 

felt we could afford to disregard it. 


Not satisfied to adopt this conclusion simply from 
© results of tests on a small test piece, we checked 
urselves with similar tests on large castings put 

‘through the process we had adopted. After the heat 
reatment was completed, we marked rows of prick 
punch holes in parts of the castings where tests 
before heat treatment had shown large stresses were 
present. Sawing through between these prick punch 
marks, and measuring their distance apart with a 
micrometer scale before and after sawing, naturally 
gave the amount of motion, if any, due to the relief 
of stresses on cutting through the stressed area. Be- 
fore any heat treatment, or after normalizing, we 
found easily measurable amounts of motion due to 
stress. After slow cooling from 900 deg., motion 
was absent, and the same was true of castings nor- 
malized at 900 deg. and reheated for several hours 
at about 700 deg. Air cooling after this heating 
resulted in so little motion, if any, as to be negligible, 
and it was concluded that it was not necessary to 
incur the delay incident to slow cooling after the 
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draw, but that immediate air cooling was all right. 
The same was true of castings reheated after oil or 
water quenching, as will now be mentioned. 

Believing that oil or water quenching followed by 
a suitable draw might give even better properties 
than normalizing and drawing did, we then initiated 
experiments along that line. The conservative metal- 
lurgical view of 1908 was that to talk of quenching 
a steel casting of any sort was pretty clear proof ot 
insanity, and I recall with gratitude the support | 
received from the then superintendent at High 
Bridge, M. F. Apgar. I believe it to be a fact that 
the first steel casting of considerable size to be heat 
treated by quenching and drawing, was a gold dredge 
bucket that ‘‘M. F.”’ and I put through that process. 
I can still hear the late Maunsel White's high-pitched 
voice, when his opinion of the practicability of our 
scheme was asked,—'’The boy’s just plain crazy, 
Howe!” 

Immediately we encountered another strange thing. 
Temperatures that were all right for drawing normal- 
ized cast steel, gave renascent ferrite, in “lakes,” in 
the oil or water-quenched material. We were forced 
to lower the draw temperature to a range of 640 to 
680 deg. C., compensating for the slower refining at 
this temperature by somewhat prolonging the time of 
holding. 

As we had expected, we secured higher strength 
and especially higher yield point by oil or water 
quenching and drawing than by normalizing and 
drawing, with equal or superior ductility as meas- 
ured by elongation and reduction of area, and espe- 
cially we secured better impact strength. This treat- 
ment was held in reserve as a sort of ‘‘ace in the 
hole,” until we tried out the castings of 0.35 to 0.40 
per cent C content, for which we had developed 
the normalizing treatment. These castings were sub- 
jected to tremendous stresses in service, and we soon 
found that it would be necessary to have greater 
ductility and shock toughness, with as much strength 
as we had secured in the normalized 0.40 per cent 
C material. Accordingly, we shifted our production 
to the 0.25 per cent C, 1.25 per cent Mn steel, 
quenched in water and drawn, which has been de- 
scribed by the author and others in numerous publica- 
tions. Its development for cast products in the spring 
of 1909, and its application in practice in castings 
subjected to severe stresses, in June, 1909, is another 
story. 

The author gratefully acknowledges the courtesy of 
G. R. Hanks, president, Taylor-Wharton iron & 
Steel Co., High Bridge, N. J., in extending to him 
the privilege of consulting the records of this old 
investigation in the laboratory files of the company 
at High Bridge. 
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Aluminum Alloy Cylinder Heads 


A Pictorial Presentation 


A few months ago the Wright Aeronautical Corp. 
of Paterson, N. J., completed and put in operation 
a new foundry devoted exclusively to the produc- 
tion of aluminum alloy cylinder heads for aircraft 
engines for National Defense. It is located at the 
company’s new plant—Plant No. 3—at Fairlawn, 
N. J. It supplements the main foundry located ad- 
jacent to Plant No. 2 in nearby Paterson. The man- 
agement points out that from 9 to 18 cylinder heads 
are required to produce a single Wright cyclone en- 
gine, depending on the type, and that the establish- 
ment of this auxiliary foundry prevents a bottleneck 
in the manufacture of cylinders. It is also pointed 
out that Wright Aeronautical organization is the only 


American aircraft engine manufacturer which main- 
tains its own foundries. 

A feature of these castings is the external surface 
which is covered with cooling fins over 2-in, deep 
and very closely spaced, “as closely spaced as the 
teeth in a woman’s hair comb.’” The development 
of a technique which makes possible the casting of 
cylinder heads with cooling fins so closely spaced 
and deep is in itself an accomplishment which is 
largely responsible for the success of the American 
built radial air-cooled engines, says a statement o| 
the company. 

This new foundry has all the facilities and equip 
ment necessary for the uninterrupted performan 
of all operations from the raw material to the fi 
ished castings. The following illustrations with ca 
tions, furnished by the Curtiss-Wright Corp., t« 


pictorially the steps in their manufacture.—E.F.¢ 


Aerial view of the new foundry—Plant No, 3—devoted exclusively to the 
molding and casting of aluminum alloy cylinder heads for airplane engines. 
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for Aircraft Engines 


This object, resembling a porcupine, is a sand mold 
for a cylinder head casting in the early stages of 
manufacture. The molder inserts over 1,500 nails 

the thin sections of the sand mold to prevent 
disintegration or breakage during the pouring of the 
metal. The practice is a factor which has enabled 
the Wright company to produce cylinders with cool- 

ing fins over 2 in. deep. 


aS 


The molding sand is fed automati all} 

to the molders and core makers. The 

mobile hopper on the balcony, which 

surrounds the molding department, 

feeds sand through chutes to the 
molders below. 








One of the production lines in the 
foundry for making the molds for the 
cylinder heads. To the left are mold- 
ing machines for making the sand 
molds. The molds are placed on an 
automatic conveyor (right) which 
transfers them through continuous 


process ovens in which they are 
baked for 7 hrs. 
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the mold and the CO 


re for 
a cylinder head. Into the 
Space between the mold 
the molten 
aluminum alloy is poured, 


and the core 


Tapping ini a -ladle 
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Pouring the molten aluminum alloy from the bull ladle into the sand 
molds. The molds move through the foundry on automatic rollers. 











That the foundry production 

of the cylinder heads is on 4 

mass-production scale is re. 
vealed by this illustration. 





The sand in the mold a ore 

of the cylinder heads re- 

moved in this line production 
foundry. 



























































All excess metal is removed or “snagged” from the castings after removal from the molds. 
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All cylinder head cast- 
ings are subjected to a 
heat-treating process— 


aging. They are here 
being put into heat- 
treating furnaces where 


they are treated at the 
proper temperature for 
only a few hours, in 
contrast to the older 

f ° ~ 7 
method of aging in the 
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Tungsten-Copper for Electrical Contacts 


—Properties of Various Compositions 


RDINARY METALLURGICAL MEANS do not lend 
themselves to the production of alloys of cop- 
per and tungsten—the two elements are not 
soluble in each other and do not alloy in any pro- 
portion. Powder metallurgy was therefore resorted 
to as a means of manufacturing compositions of cop- 
per and tungsten. Excellent possibilities can be re- 
lized from metal bodies formed of combinations 
of these two metals, particularly for electrical pur- 
ses, such as welding electrodes and electrical con- 
s, due to the physical and chemical properties of 
elements. The curves shown in Figs. 1 to 9 
the physical properties which can be developed 
such combinations, using various percentages of 
sten and copper. 


Specific Gravity 


'o pure tungsten is generally ascribed a specific 
erivity of 19.1 to 19.3 grams per cubic centimeter. 
[cre is considerable variation in the density meas- 

ents of powders, rods and wire, particularly if 
‘ensity is determined on rods which have not been 
iently worked so as to eliminate all porosity 
or if WO, is present. A value of 19.3 has been 
adopted for the density of tungsten powder, which 
agrees with the results obtained with compositions 
of tungsten-copper. The density of copper is 8.92, 
which value is in agreement with the most recent 
density measurements determined by X-ray analyses. 

In Fig. 1 and Fig. 2, the effect of composition 
of tungsten-copper mixtures on the density, expressed 
either in grams per cubic centimeter or in lbs. per 
sq. in., is shown. By plotting the density as a 
function of tungsten in volume per cent, a straight 
line relationship is obtained. By extrapolating the 
curve to 0 volume per cent of tungsten, on the one 
hand, and 100 volume per cent on the other hand, 
theoretical densities. both of copper and tungsten, 
are intersected. This indicates that the tungsten- 
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Per Cent Tungsten by Volume 
Fig. 1. Composition versus density of tungsten-cop per 
mixtures. 


copper mixtures, described in the present paper, have 
the maximum theoretical density. 

Variations in theoretical density which we have 
found in the practical fabrication of such products, 
have been very slight, because of the method of fab- 
rication and of a very close control of manufacturing 
conditions. The most practical range of densities 
varies from 12 to 16 grams per cubic centimeter. 
Materials with such densities can be produced in com- 
paratively large and complicated shapes. These mix- 
tures might therefore provide a new structural ma- 
terial of high specific gravity. There are a number 
of industrial applications, such as fly wheels in gyro- 
scopes, where a concentrated mass, having high 
strength and resistance to creep, is required. 


Expansion Characteristics 


Tungsten has a generally accepted coefficient of 
expansion, over a temperature range of 0 to 600 
deg., of 4.6. Values mentioned in the literature 
vary somewhat, depending on the physical condition 
of the tungsten used in the measurements. Copper 
has a coefficient of expansion at 20 deg. C. of 
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Fig. 2. Composition versus weight of tungsten- 
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Fig. 3. Coefficient of expansion versus temperature. 
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Fig. 4. Coefficient of expansion versus composition 
by weight of tungsten-copper mixtures through the 
temperature range of O to 600 deg. C. 








16.42 x 10° per deg. C. We have shown in Fig. 
3 the coefficient of expansion of pure copper and 
pure tungsten as a function of temperature. The 
values given on the curve correspond to the co- 
efhcient of expansion, between 0 deg. C. and the 
respective temperature. In Fig. 3, also, we have 
plotted the coefficient of expansion of two copper- 
tungsten mixtures, containing 40 per cent and 20 
per cent Cu, respectively. As was to be expected, 
the compound with the highest tungsten content has 
the lowest coefhicient of expansion. 

Since these mixtures of tungsten and copper ar 
not true alloys, it appeared to be of interest to de 
termine the effect of the two elements upon the co 
efhcient of expansion. The results of this study are 
shown in Fig. 4. In heterogeneous alloys composed 
of a mixture of crystals of the two constituents, th 
linear thermal coefficient of expansion is a linea: 
function of the volume concentration. This, o! 
course, is true only as long as no solid solutio: 
are formed and the alloys are free from interna 
stresses. The theoretical curve of the coefhicient 
expansion of copper-tungsten mixtures, based . 
volume per cent, is marked “C’’—a straight li: 
The theoretical coefhcient of expansion of mixtui 
expressed in weight per cent is shown by the cu: 
A. 

In order to have a ready means of correlati 
volume per cent and weight per cent of copp 
tungsten mixtures, their inter-relationship was plott 
in Fig. 5. The actual values of the coefficient 
expansion are also shown in Fig. 4, both express 
in weight per cent and volume per cent. The < 
terminations of the coefficient of expansion w« 
carried out in a hydrogen atmosphere to avoid ox 
dation of the tungsten. The test specimens we 
4 in. long and 14-in. in diameter, with a 14-in. radi 
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Fig. 5. Relationship of weight and volume per cent 

in tungsten-copper mixtures. Based on specific gravt- 

ties of tungsten—19.39 gms. per c.c. and copper— 
8.93 gms. per ¢.c. 














on each end. It can be seen that the actuai values of 120 
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ictical hardness range desirable in commercial tung- 
n-copper compounds, ranges from 60 to 110 Rock- 
|| B, according to the use to which these materials 

put. The hardness values of well prepared ma- 200 T 


Fig. 7. Tensile strength versus composition of tung- 
sten-copper mixtures, (Test piece, 0.505 in, dia.) 
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Fig. 9. Compressive proportional limit versus com- 
position of tungsten-cop per mixtures. 


steeply. The ductility of tungsten-copper mixtures 
is rather low, particularly in the steep section of the 
curve. The compositions at the left of the inflection 
point, where the rise in tensile strength is small, 
show an appreciable amount of ductility and, when 
prepared properly, such compositions can be de- 
formed appreciably by cold working without crack- 
ing. 

We consider it quite remarkable that the tensile 
strength of annealed tungsten-copper mixtures is 
considerably above the tensile strength ot either pure 
tungsten rod or copper of equal section—indicating 
that even though true alloying does not occur, a 
bonding or wetting takes place during the preparation 
of the materials which enormously increases adhesion. 

The compression strength properties of tungsten- 
copper compounds are considerably higher than the 
tensile strengths. A test is generally applied to these 
materials, which is identified as a “‘cross breaking’’ 
tesc. The test results shown in Fig. 8 were obtained 
by placing a Y4-in. square test specimen on two 
round supports, 11/,-in. apart, and applying a load 
at a point equidistant from the two supports. Note 
the steepness of the curve indicating the rather large 
changes in cross breaking strength as a function of 
small changes in composition. During this test, 
the ductility of the specimen is determined by meas- 
uring the amount of deflection at the stress causing 
fracture. In general, the deflection decreases slightly 
with increasing cross breaking strength. The cross 
breaking strengths of commercial products range 
from 120,000 to 180,000 Ibs. per sq. in. 

That the proportional limit in compression is a 
function of the composition of copper-tungsten mix- 
tures is shown in Fig. 9. Note that the abscissa 
is plotted on a rather large scale and that within an 





increase of 25 weight per cent of tungsten, the 
proportional limit increases by almost 100,000 Ibs. 
Further, it should be pointed out that 
the compression strength in these materials is con 


per Sq. in. 


siderably higher than the proportional limit: in othe; 
words, a considerable amount of yielding takes pla 


before the materials fail. Im most cases, the com- 


pression strength is 70,000 to 90,000 Ibs. per sq 





Fig. 10. Structure of a properly prepared tungste 

copper mixture, 1000X. Etchant: For tungsten 

3 parts potassium ferricyanide, 1 part sodium } 
droxide; for copper—none. 





Fig. 11. Structure of an improperly prepared mix- 
ture of tungsten-copper of the same composition as 
Fig. 10, 1000X. Etchant: Same as in Fig. 10. 
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in. higher than the compression proportional limit. 
The average compression strength of commercial ma- 
terials of this type is in the neighborhood of 150,- 
0 to 200,000 lbs. per sq. in. depending upon the 
omposition. 
The behavior of these mixtures in compression 1s 
ite different from pure tungsten or pure 
because pure copper has no_ proportional limit, 
while in pure tungsten, the proportional limit and 
the compression strength are pretty nearly the same 
The electrical conductivity of copper-tungsten mix 
can be more or less calcul: by the rule of 


tures, provided that no impurities are present 


The electrical conductivity of commercial products 


varies from 25 to 55 per cent ee a ee depending 
on the composition. 


Recent Developments in Cu-W Type Materiais 


Recent research was directed towards the develop 


ment of a material having a high electrical con 
ductivity, increased hardness and tensile strength with 
some ductility. This work was rather successful, 
as can be seen from the following data: 

Hardness 

Tensile 

Cross 

Special technique ré 
the material to secure such 
mercially possible to produ 
tures having a tensile str 
sq. im., a Rockwell B har 
trical condu tivity of 30 per cent. Materials with 
these properties have a specific gravity of 14.5 grams 
per cubic centimeter. This is a rather rare com 
bination of high specific gravity, high tensile strength 
and high electrical conductivity and such materials 
may find considerable industrial applications, par 
ticularly in industries connected with aircraft, auto 
motive, electrical and instrument developments. 


12. A variety OF shapes producible trom copper tungsten mixtures 
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Microscopical Analysis point imparts non-welding properties without serious- 


ly affecting its capacity to carry large currents. By 





The structure of a properly prepared tungsten- selecting the proper percentages and ingredients, it 
| copper mixture at 1000X is shown by Fig. 10. is possible to provide the optimum combination of 
| Attention is called to the fact that the structure is the following properties for specific applications: 


completely free from porosity and that it has the 


appearance of an alloy in which a secondary phase 1. Resistance to welding. 

’ ’ : E a F; * 2. Resistance to electrical erosion. 

las been precipitated. For comparison, Fig. 11 is a 8 Tow contact resistince. 

photomicrograph at the same magnification of a mix- i. Low specific resistance. 

ture of the same composition, which was improperly . Resistance to mechanical wear 

f lote > ride 3 hoses ] . ; 

prepared. Note the voids and oxide InciuSIONS. All Ret ractory base mixtures can be attached to back- 
physical and electrical properties determined in the ing materials either by brazing or by direct fusion. 
sample shown in the photomicrograph Fig. 11, were The method is shown in Fig. 13, and in Fig. 14 an 
inferior and would fall outside of the range of the actual application is depicted; in this the moving arm 
values given in the curves presented in this paper. is faced with an arcing tip of special composition, 


high in refractory content. This arcing tip is not 


. . . -allec t "4 r ly r stand 
Typical Applications called upon to carry current, but only to withstan 


the arc, during the opening of the circuit. Special 


A number of typical applications are shown by materials were developed for oil circuit breakers and 
Figs. 12 to 16 inclusive—where metal compositions for air circuit breakers. 
with a refractory metal base have found extensive The more recent development in switch gear ap 
use. To a contact metal, the combination of a high paratus has been towards the use of air circuit break 
conductivity material with one having a high melting ers employing not only a 2-stage contact arrang: 








Fig. 14. A refractory base mixture attached to backing 
materials. The moving arm is faced with an arcing 
tip of special composition, high in refractory content. 


ypical Tungsten-Copper Contact Applications 
(Shaded portions are Tungsten-Copper). 


Fig. 13. Typical tungsten-copper contact applica- 
tions, Shaded portions are tungsten-copper. 
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ment, but a 3-stage contact arrangement, wherein the 
first Or main contact stage serves only to carry the 
load, while the second stage consists of auxiliary 
arcing contacts which serve to protect the main con 
tacts from damage during interruption and also to 
reduce the time interval during which the arcing 
contacts proper have to deal with the whole of the 
current, either during making or breaking. The final 
arcing contacts comprise the third stage. Special 
materials had to be developed for each stage. 

The construction of two sets of flash welding dies 
vith tungsten-copper facings is shown in Fig. 15 
These dies will stand up under high pressure and 
must have excellent wear resistance. At the same 
time, the flash does not stick to the tungsten-copper 
facings. One of the outstanding applications of such 
dies is in the barrel welding industry. The use 
yf a tungsten-copper facing on flash welding dies 
will increase the life of the die over that of copper, 
by approximately 10 to 80 times. In addition, the 
juality and the uniformity of the welds are greatly 
mproved. 

Bushing inserts of tungsten-copper for current 


Flash Welding Dies with Tungsten-Copper Facings 
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Fig. 15. Flash welding dies with tungsten-copper facings. 
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carrying bearings are shown in Fig. 16. Solid inserts 
may be applied for short bearings with smal] diame- 
ters, while for long bearings with large diameters, 
several longitudinal tungsten-copper inserts are used 
for each half bearing shell. The wide variety of 
uses in which copper-tungsten compounds are play- 
ing an important role is illustrated by the few ap 
plications which have been described. 


Conclusions 


The physical properties of copper-tungsten mix 
tures made in accordance with a powder metallurgical 
process, whose technique has been developed espe- 
cially for these materials, have been described. Sim 
ilar information has also been compiled on other 
combinations, using different refractory bases or dif- 
ferent low melting point constituents. A series which 
has been found of particular interest for electrical 
contacting materials, is composed of tungsten car- 
bides or molybdenum carbides with silver (U. S. 
Patent 1,984,203). Systematic information on this 
system may be presented at a later date, it is hoped 


Fig. 16. Bushing inserts of tungsten-copper. 


sael Tet-ba a Pele) 4 - Short Bearings 
with Small Diameters 


Long Bearings 
with Large Diameters 


Bushing Inserts of Tungsten-Copper 
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From Occlusion in Inclusions 


Inclusions and grain boundaries may act as cavi- 
ties to occlude molecules of hydrogen, or a reac- 
tion may occur with the precipitating nascent hydro- 
gen to form a hydrogen compound with the material 
of the inclusion. Although it has been shown that at 
ordinary temperatures such reactions are not too 
likely, it is true that at higher temperatures they 
do occur. When compounds form, they constitute 
a separate “fraction” of the hydrogen content and 
respond to temperature changes in characteristic 
manners that are important to consider. 

For example, a plate as shown in the previous 
Fig. 5 was prepared with iron oxide (red rouge) in 
one hole, graphite in the center hole and the third 
hole was left empty. The plate was sealed and pre- 
pared for enameling in the customary manner except 
that a light pickling treatment was used. Several 
refirings of the ground coat succeeded in removing 
the hydrogen from the unfilled cavity, and a cover 
coat was then applied to show the distribution of 
the remaining hydrogen (See Fig. 6). 

It is seen that the wall directly overlying the un- 
filled cavity has “boiled down” and shows no trace 
of hydrogen, in contrast to the previous specimen. 
To the sides of the hole may be seen small blisters 
trom hydrogen that diffused laterally from the cav- 







































ity during re-solution. The central hole, containing 


graphite, has nearly boiled down, but a few blisters 


are present to indicate that the carbon has effected an 
almost negligible, though definite, retardation of the 
hydrogen release. This result conforms well with 
the fact that hydrocarbons are quite completely de- 
composed at 870 deg. C. (1590° F.). Lateral dif- 
fusion from this central hole is again traced by 
blisters. 

The third hole, containing iron oxide, shows sharp 
delineation with blisters and a minimum of lateral 
diffusion. If the hydrogen had not reacted with the 
oxide at the time of the initial precipitation, it cer- 
tainly had during heating. As a result, water has 
apparently formed, and the dissociation of steam in 
contact with iron is either slower than is the dis- 
sociation of molecular hydrogen, or the formation 
of scale inside the hole has hindered the process of 
re-solution. In any event, the hydrogen has been 
largely prevented from effusing during firing, and 
the fact is significant both to enamelers and to meta! 
lurgists. The blistering over this third hole might 
have been avoided if the piece had been fired at ; 
lower temperature or if an enamel had been choser 
that was more permeable to hydrogen. 

The latter case was indicated by another experi 
ment. Tenth-gram samples of the following type 
of inclusions: 


Tephroite: (MnQO),SiO: 
Fayalite: (FeO).SiO, 
Open Hearth Slag 
MnO::FeS = 1:1 


Why 


were placed in specimens of 2-in. round bar stock 
of plain carbon steel, as shown by sketch in Fig. 7 
The cavities were sealed by welding, and the fou: 
respective specimens were heated, forged and rollec 
to about 0.10-in. thickness. Accorded the same 
treatment, and fired at 870 deg. C. (1600° F.) with 
the same ground coat as the specimen in the previous 
Fig. 5, the specimens showed no surface marking 
whatever that indicated whereunder the inclusions 
lay. To prove that the inclusions were present, and 
in gas-tight cavities, the four plates, which had been 
trimmed considerably, were pickled until blisters 
arose to reveal the location of the inclusions (see 
Fig. 7). The non-appearance of enameling defects 
in these tests may be attributed to a combination of 
minimized hydrogen effusion from the oxide-contain- 
ing inclusions and good permeability of the enamel. 


From Molecularly Dispersed Impurities, 
Particularly Carbon 


The impurities in steel differentiate steel from the 
element iron, and the behavior of hydrogen in steel 
may depart radically from its behavior in iron. Fail- 
ure to recognize this difference has caused consid- 
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Fig. 5. Steel plate with artificial cavities prepared 
as shown above. (Center) Fired with ground coat 
at 870 deg. C. (1600° F.). (Below) Subsequently 
fired with cover coat at 810 deg. C. (1490° F.). 
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Fig. 6. Steel plate with three artificial cavities containing iron oxide, graphite and air, respectively. Fired 
with ground and cover coats at temperatures of 870 deg. C. (1600° F.) and 810 deg. C. (1490° F.), 
respectively. Left end: Red iron oxide. Center: Graphite. Right end: Empty. 


erable error and confusion to enter the literature, 
particularly in regard to hydrogen analyses and to 
treatments proposed for eliminating this gas from 
steel. 

The most common impurity, and one affecting dis- 
solved hydrogen most strongly, is the element car- 
bon. Boyles*-'° has shown that hydrogen acts strong- 
ly to retain cementite in cast iron, and the present 
research* showed that cast iron containing hydrogen 
chilled to a much greater depth than iron that did 
not contain hydrogen. The low oxygen pressure of 
cast iron is favorable to hydrogen absorption, and 
Schwartz'! has found by analysis that white iron 
contains as much hydrogen as is found in steels 
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showing flakes and shatter cracks. Decarburization by 
hydrogen is well known, and the efficacy of C-H bond 
relations in general was discussed in the previou: 
paper.’ Some additional information follows. 

As the carbon content of cast steel increases, th 
hydrogen that remains in the casting increases. I 
melts made under one atmosphere of hydrogen, 0. 
per cent carbon is sufficient to cause retention in th 
casting of as much hydrogen as dissolves in pure iro: 
at the melting point.’? Low carbon steel loses muc! 
of its hydrogen during cooling. Fig. 8 shows tha 
carbon considerably impedes the diffusion of hydr< 
gen through steel, and the effect of spheroidizing o: 
the rate of diffusion is particularly interesting.’ 


Fig. 7 Artificial inclusions in steel. (Left) Metho. 
of introduction. (Right) One of the four de-enameled 


sheets, showing hydrogen blister at seat of inclusion: 













































The action of iron carbide during enamel firing is 
liable to misinterpretation because hydrogen is so 
closely associated with the carbon. In the present 
research it was shown that the boiling action in the 
enamel during firing is principally due to hydrogen 
that is associated with the carbon, and not to the 
previously suspected carbon-oxygen reaction. Fig. 9 
shows how much more severe is the hydrogen effusion 
from high-carbon areas than from low. 

A 3/16-in. plain carbon steel plate was carburized 
to a depth of 0.03-in. The case was then ground 
away except from the rim and the two rectangular 
areas as shown. The standard pickling treatment 
afforded saturation of the specimen with hydrogen. 
During firing there was a severe boiling action over 
high-carbon areas only, and continued effusion caused 
the chips as shown. As each blister burst during 
firing, there was a tiny bright spark that was most 
ikely due to combustion of methane, for either CO 
or H, burns with a blue flame. Micrographs showing 
he contrasting carbon contents of ridge and plate 

re presented in Fig. 10. It may be observed that 

he bubbles in the enamel are larger over the high- 
irbon area. 

The release of hydrogen at elevated temperatures 

y carbon in steel and iron was shown in another 

anner by the following experiment. The three 

les in a mild steel plate, such as shown in the 
evious Fig. 5, were carefully cleaned, dried and 
rned free of hydrogen-containing impurities. In 

two outer holes a thin film of machine oil was 


8. Effect of content and condition of carbon 
the diffusion of hydrogen through 9 sq. in. of 
5-in. mild steel sheet at 40 deg. C. (104° F.) 
m 20 per cent (by volume) sulphuric acid. 

(Bardenheuer and Thanheiser.) 
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spread with a pipe cleaner. The holes were sealed as 
before, but the specimen was cleaned by sandblast- 
ing instead of pickling so that a minimum of 
hydrogen would be absorbed. During firing, the oil 
decomposed to yield carbon and hydrogen, and the 
hydrogen diffused through the thin wall over the 
two end holes to cause blistering in the enamel. 
There were no blisters over the central hole. It had 
been observed before by the enameling industry that 
paint marks on one side of an enameled sheet would 
cause blistering on the opposite side. 


The Effect of Rolling Direction 
on Hydrogen Diffusion 


The banded structure that is so often present in 
rolled steel has an interesting effect on hydrogen be- 


Fig. 9. Mild steel plate with carburized ridges and 
edges fired with vitreous enamel at 870 deg. C. 
(1600° F.) showing blistering and chipping caused 
by effusion of hydrogen released from high-carbon 


areas. 


havior, for the banding comprises, effectively, alter- 
nate lamellae of relatively pure and impure iron. The 
strong effect of impurities on hydrogen diffusion and 
retention causes hydrogen in such a matrix to diffuse 
preferentially through the pure metal and hence to 
diffuse principally in the directions of the rolling 
plane. Effusion is therefore more severe along the 
edges of sheet and plate than on the flat face. In 
enameling, this effect becomes important in “black 
edging,” which is the process of applying a special 
coating to the edges of sheet ware. In such coatings 
the numerous hydrogen-caused defects are accen- 
tuated. Similar observations with electroplate will 
be discussed later. 

This preferential diffusion of hydrogen in rolled 
stock is illustrated in the specimen in Fig. 11. A 
mild-steel rolled plate 1 by 11/, by 5 in. was fired at 
870 deg. C. (1600° F.) with a heavy application of 
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Fig. 11. Rolled mild steel plate pickled with acid 

and fied with vitreous enamel at 870 deg. C. 

(1600° F.), showing by blisters in the enamel that 

hydrogen has diffused preferentially along the rolling 
plane. Left: Front. Right: Side. 


Fig. 10. Micro-sections through carburized ridge of 
Specimen in Fig. 9. Top 150X; center 3X; bottom 
150X., 


METALS AND ALLOYS 





ground coat. The specimen had been cleaned by 
pickling and, with so thick a plate, ordinary baking 
eriods are entirely insufficient for removing ordinary 
dissolved hydrogen. During firing, remanent hy- 
drogen effused to cause blistering and boiling, and 
it is quite evident that the effusion has been much 
more severe along the side of the plate than on the 
face. 


“Reboiling” in Vitreous Enamel 


“Reboiling’’ in vitreous enameling is an interest- 
ing attestation of hydrogen activity. While firing a 
first coat, boiling may or may not appear, but in sub- 
sequent coats a marked boiling action often occurs. 
In the present research it has been indicated that 
hydrogen causes the phenomenon. If hydrogen is 
already in the specimen, “primary boiling” is aggra- 
vated, which is about the same phenomenon as re- 
boiling, but occurs in the first coat. During firing 
the first coat, the moisture in the slip and in the 

irmace gases decomposes in contact with the iron 

» form hydrogen and iron oxide, plus some carbon 

ides when carbon is present. This hydrogen large- 

dissolves in the steel, which has an appreciable 
ibility for this gas at firing temperatures, and 
reby ‘charges’ the specimen. If the specimen 
ginally contained less than a certain minimum 
hydrogen, the boiling action might therefore first 

i during firing the second coat. 

The cyclical nature of ‘“‘reboiling,”” which has 

n so puzzling, is then explained as follows: As 
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the specimen heats, the rate of diffusion of hydro- 
gen in steel markedly increases, so that dissolved 
hydrogen, plus that liberated from other sources 
during heating, rapidly finds the surface of the speci- 
men. When the enamel fuses, wrinkles are first ob- 
served from the rather general effusion; then the 
wrinkles become bubbles for reasons of surface ten- 
sion. Many of the first blisters break, but the 
specimen soon comes to a temperature where the 
solubility of hydrogen in steel markedly increases, 
and the bubbles can then be observed to recede and 
the boiling to subside as the hydrogen re-dissolves in 
the steel. The great permeability of steel for hydro- 
gen at enamel-firing temperatures is shown by the 
fact that steel enameled only on one side rarely ever 
blisters. 

The specimen is then uniformly saturated with 
hydrogen as if it were in equilibrium with an 
atmosphere of the gas, which it truly is, for the 
enamel coating protectively affords such an atmos- 
phere. Cooling causes supersaturation and, after the 
gas disperses to its various lodging places in the 
steel, the specimen is in much the same condition as 
it was before firing. Subsequent firings provoke the 
same cycle of hydrogen activity except that each 
time a portion of the gas is lost, principally in the 
heating and cooling interval, so that after 20 or 
more firings “‘reboiling” no longer occurs. Also, sim- 
ilar to preventing flakes and shatter cracks, slow 
heating or slow cooling will prevent reboiling. 


(To be continued ) 
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( Editorials—Continued from page 557) 


When a metal part is to be provided to do a tough 
job, such as in resistance to fatigue, wear, corrosion, 
high temperature service, etc., the so-called metal- 
lurgical engineer who rests content with merely try- 
ing to find a better metal, and pays no attention to 
possible changes in design or control of service con- 
ditions that would solve the problem more simply, 
isn’t a metallurgical engineer at all, he’s just a metal- 
lurgist. 

The plant that isolates its metallurgical activities 
from the engineering phases of its work is operating 


under a handicap.- H. W. G. 


From Special Steels to Machine Tools 


That well-meant, but poorly thought-out, restric- 
tions upon production and use of some commodities 
may serve to hamper rather than advance the de- 
fense program, is indicated by an example cited 
by a correspondent whose firm produces articles that 
are as indispensable in the conduct of war as they 
are in the conduct of business. This correspondent 


Says: 


We have a situation in connection with the material 
stringency, which I think deserves editorial comment. High 
accuracy screws, pinions and shafts, have been produced 
on automatic screw. machines from leaded LX-1112 steel. 
Because of the superior machineability of this steel, the 
number of screw machines necessary for producing our 
very considerable requirements is only about one-half what 
would be necessary with ordinary screw stock because of 
the reduced speed and feed which we would have to use. 
Today, with the steel companies reluctant to devote pro- 
duction capacity to special steels, it is becoming practically 
impossible to buy LX-1112. A point on which emphasis 
could well be placed is that by continuing and increasing 
the availability of super-machining leaded steels, we could 
help to solve the national bottleneck due to shortage of 
machine tools. 





Life is just one round of determining satisfactory sub- 
stitutes due to the stringency in the supply of aluminum, 
zinc, nickel and other tight metals. Plastics are coming in 
fast as metal substitutes and in many fields the replace- 
ments will be permanent. One consoling feature of the 
present situation is that, in a number of cases, we are finding 
that forced replacements of such materials as zinc die 
castings and wrought brass parts are being made with 
consequent economies at no apparent sacrifice in utility. 


This willingness to use substitutes where they will 
serve is characteristic of industry in general in the 
emergency, even in firms very hesitant to make any 
changes in normal times, and it makes a background 
against which a case where a shortage does create an 
insufferable hardship stands out in bold relief. 

The struggle will still go on between the producer's 
urge to make the fewest possible number of stand- 
ardized steels and the consumer's desire for a tailor- 
made steel when it does a particular job better than 
the tonnage steels. As we have remarked editorially 
before, the real trouble is that the making of tailor- 
made steels is properly a job for a small plant, 
equipped and managed for maximum flexibility 
rather than maximum output. In times like thes< 
the large-production plant should welcome the op 
portunity to direct a customer's request for a spe 
cialty product to the more flexible plant instead o 
just telling the customer to go to hell. It is wher 
operations are at a low level that the large-productio: 
plant will not only shift the specialty order, but it 
salesmen try to drum up such orders for itself. Th 
managements of the big plants should realize tha 
by allowing the little specialty plants to d 
business in slack times, the benefits they bring i: 
times of crowded production would far more tha 
repay that degree of decent consideration. 

Perhaps the customers can do something abou 
this in slack times by placing their orders with th 
little fellow in spite of sales pressure from the big 
fellows.—H. W. G. 





A Couple of 


A Movie Boner? 


Letters from all over the country are being received 
by the Chase Brass & Copper Co., commenting on a “‘movie 
boner’’ that appeared in the current motion picture “All This 
and Heaven Too,” co-starring Bette Davis and Charles 
Boyer. This photoplay is laid in the middle of the 
last century, in 1846, yet in one scene Bette Davis received 
as a gift an old fashioned brooch enclosed in a modern gift 
box used by the Chase Brass & Copper Co. to package their 
line of brass, copper and chromium giftware. A close-up 
of the box showed the Chase trade mark, adopted in 1929 
(half man and half horse, shooting a bow and arrow), some 
73 yrs. after the time represented in the movie. 


Chuckles 


Inasmuch as the gift enclosed in the box received by 
Bette Davis in the photoplay was not manufactured by 
Chase, the perplexed officials of the company have not de- 
cided whether this is a “break” for their products or not. 


Carats in Gold? 


To the Editor: In the January, 1941, number of METALS 
AND ALLOYs on page 88 in an abstract of an article on 
gold plating it is stated that “the anode is 27-carat fine 
gold.” (The original article states 22-carat gold). Just 
how many carats are there in $35.00 gold? 

W. BLuM 


Chemist 
National Bureau of Standards 
Washington, D. C. 
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Heat Treating — Furnaces, Atmospheres, Etc. 


America re-arming in haste, every 
means available to metallurgical 
for speeding production and 
g or avoiding bottlenecks must be 
One practice whose wider 
night considerably ease the ma- 
situation and save finishing time 
of controlled atmospheres for 
dening wherever possible; tools, 
parts can be previously formed 
size and subsequent grinding to 
ark” can be eliminated if they 
ied in atmospheres that do not 
or scale. 


ad Steel Hardening 


lled atmosphere pit-type electric 





furnace for high-temperature hardening of 
high speed steel has been designed by 
Sentry Co., Foxboro, Mass. It allows the 
hardening of long tools in a vertical posi- 
tion and minimizes warpage of the tools 
while hot. The neutral, non-decarburizing 
atmosphere is obtained by the use of 
Sentry Diamond Blocks. 

The new furnace, with a maximum rat- 
ing of 32 kilowatts, will heat from room 
temperature to 2350 deg. F. in 75 min. 
The heating elements on either side of 
the removable silicon carbide muffle, in 4 
positions, assure uniform temperatures 
throughout the chamber. The electrical 
terminals are air cooled. Muffled dimen- 
sions are 41/4 in. by 4 in. by 28 in. deep, 
and the over-all dimensions are 524 in. 
high, 28% in. wide, 2114 in. deep. 


Atm os phere Producer 


Another type of controlled atmosphere, 
which is reported by the General Electric 
Co., Schenectady, N. Y., to be giving de- 
carburization free service in several indus- 
trial plants, is drycolene. 

The GE drycolene producer, available in 
sizes of 200 and 750 cu. ft. per hr., is a 
gas-fired reaction chamber with a number 
of accessories—all mounted as one self- 
contained unit. In operation the producer 
burns a suitable hydrocarbon gas with air 
under controlled conditions, and the prod- 
ucts of combustion are passed through a 
moisture-removal system and then through 
incandescent charcoal. The final dried and 
filtered atmosphere contains practically no 
carbon dioxide or water vapor. ° 

Steel hardened in drycolene has been 
found to be hard right to the surface. For 
example, tests on S.A.E. 52100 and S.A.I 
1090 steels heated in drycolene for 2 hrs 
at 1500 deg. F., and quenched, showed 
slight increases of weight and _ slightly 
higher converted Rockwell N (superficial ) 
eadings than the Rockwell C readings, in- 
licating no decarburization. Depending o: 
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the type of hydrocarbon gas used, the cost 
of drycolene will range from 16c per 1,000 
cu. ft. to 57¢ per 1,000 cu. ft. 


Oil-Gas Burner 


A new development in furnace burner 
systems is the O-G burner of O7l-Gas Com- 
bustion Co., Inc., 17 Whitney Ave., New 
Haven, Conn. The burner is a portable 
self-contained unit that converts fuel-oil 
into a gas. 

By creating a gaseous fuel from the oil, 
a homogenous mixture of fuel and air is 
obtained, and since no excess air is neces- 
sary to complete combustion, the atmosphere 
is readily controlled to produce a reducing, 
oxidizing or neutral gas as required. The 
burner consists of a two-stage blower, 
motor, oil valve, mercury-switches, air and 
oil connections, and a heat resistant alloy 
combustion chamber in which complete gasi- 
fication of the oil is accomplished. 

The burner weighs 23 Ibs. and has a 
heat output of 25,000-135,000 b.t.u. per 
hr. The oil-gas is generated from range 
oil or No. 1 fuel oil, and the burner can 
be operated continuously or intermittently 
It is said to be applicable for ordinary im- 


pingement and convection heating for 
hardening, annealing, forging, etc. and for 
infra-red radiant burner ting 
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Butterfly Valves 


An improved butterfly valve in which in- 
ternal parts are machined to assist opera- 
tion and to obtain a tight fit between hous- 
ing and vane has been developed by R-S 
Products Corp., 4530 Germantown Ave., 
Philadelphia. The valve is applicable for 
air or gas control, and is available for 
hand, hydraulic or motor operation. The 
line includes sizes from 2-48 in., cover- 
ing working pressures up to 15 Ibs. 

A design feature is a pair of adjustable 
stops provided to stop the vane in either 
of two set positions between open and 
closed. This permits constant duplication 
of any set maximum or minimum opening 
in addition to fully-opened and tightly- 
closed positions. All valves have a gradu- 
ated dial and pointer for the exterior de- 
termination of the vane 


Ouenching Machine 


A new centrifugal quenching machine 
produced by Hamnifin Mfg. Co., 621 So. 
Kolmar St., Chicago, provides accurate and 





controlled quenching of all types of cir- 
cular parts on a fully automatic basis. In 
operation the circular parts (gears, for ex- 
ample) are placed in a holding fixture and 
then put through the automatic quenching 
cycle. 

In this cycle all variables—temperature 
and volume of quenching fluid, immersion 
time and turbulence of quenching medium 

are adjustable and pre-set. The quench- 
ing fluid is introduced at one corner of the 
tank, and a circular motion is accomplished 
and the temperature kept constant by a con- 
tinuous influx of fresh quenching medium. 


@ Reduction of destructive shock and of 
noise in a bronze punch-press drive-pinion 
used for heavy stamping operations was 
achieved in one case on record through the 
use of a “Torflex’’ bearing—a steel sleeve 
keyed directly to the drive shaft and sep- 
arated by a rubber wall from an outer steel 
tube that makes a press fit with the pinion. 
The bronze pinion so rigged outlasted fibre 
gears by over 6 times, yet with a quietness 
of operation impossible with steel gears, 
according to Harris Products Co., 5408 
Commonwealth Ave., Detroit. 
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Oxygen-Recorder for Gas Analysis 


A completely automatic oxygen recorder, 
which provides continuous indication and 
graphic record of the amount of oxygen in 
any gas, is announced by Cambridge In- 
strument Co., Grand Central Terminal, New 
York. No chemicals are used with this in- 
strument, which operates from the electric 
supply line. 

The instrument is described as particu- 
larly valuable in the control of inert atmos- 
pheres—in billet heating, annealing, bright 
hardening, etc. The standard range is 0-5% 
oxygen on a 10-in. scale, but the instrument 
can be scaled in ranges of 0-2% oxygen 
full-scale and 0-100% oxygen full scale. 

Determinations of oxygen are not affected 
by variation in the constituents of the sam- 
ple gas because a differential measurement 
is performed. Various analyzing cells may 
be combined so that the instrument will 
provide a complete gas analysis on one 
chart. 

The principle of operation of the new 
instrument comprises the conversion of all 
the oxygen in part of the sample to carbon 
dioxide by passing a portion over a hot 
carbon rod, followed by a continuous meas- 
urement of the difference in thermal conduc- 
tivity between the original sample and the 
“converted” sample. 


New Transformer-Core Steel 


A new type of transformer-core steel, 
with 1/4, greater flux-carrying capacity than 
the best conventional silicon steel, has been 
developed jointly by American Rolling Mills 
Co., and Westinghouse Electric & Mfg. Co., 
and is now used exclusively by Westing- 
house. The new steel, known as Hipersil, 
requires no more magnetizing force in carry- 
ing this increased flux, and its loss will be 
no greater than ordinary transformer steel. 
Furthermore, its magnetostriction is reduced 
so that the increased flux causes no increase 
in hum. 

In its first application the new steel is 
said to have reduced the size and weight 
of distribution transformers as much as 
25%, and has facilitated the reduction of 
copper losses by 10% with thereby in- 
creased short-time overload capacity. The 
chart shows schematically the difference in 
magnetic behavior between commercial sili- 
con steel and Hipersil. 

The properties of the new steel depend 
more on a special type of crystal orienta- 
tion than on modification in analysis. The 
steel is produced by methods that result in 
orientation in the direction of rolling (or- 
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dinary silicon steel has completely random 
orientation) and the new material is easily 
magnetized in this direction. Although jts 
flux-carrying capacity in this direction js \, 
greater than ordinary hot-rolled silicon steel 
it would be much less effective than the 
older material if used at right angles to the 
crystal orientation. 


@ A new and larger (14 in.) carbide tool 
grinder of the double-end type designed so 
that 2 operators can grind tools simul- 
taneously, is now available from Carboloy 
Co., Inc., Detroit. 


High Pressure 
Powder Metallurgy Presses 


To meet requirements of maximum hard- 
ness and density in iron gears, bushings, 
valve inserts and other parts pressed from 
powdered metals, F. J. Stokes Machine Co., 
Tabor Rd. E. of Adams Ave., Philadelphia, 


is offering an automatic self-contained cam- 





operated toggle type press similar in de- 
sign to a smaller press now in wide use. 
The new press—No. 280—is well suited to 
the production of thin-section, large-diame- 
ter parts as well as other powder metallurgy 
products requiring pressures up to 100 tons 
during compressing. 

The new press opens and closes rapidly 
in the clear but the toggle action automati- 
cally slows down the movement after the 
punch and die are finally closed, giving a 
high output—up to 50 strokes per min.— 
yet without sacrifice of smooth pressure ap- 
plication and maximum density. The presses 
are of rugged construction, with Meehanite 
frame reinforced by heavy tie rods. It is 
fully automatic, has a 2-in. die-fill, and 
prodtices such parts as iron rings with a 
maximum of 4-in. diameter. 


@ A new rotary type vacuum pump oper 
ating without gears, springs or valves and 
said to be unusually efficient, vibrationless 
and quiet, is announced by Gast Mfg. 
Corp., Benton Harbor, Mich. It is very 
compact and light-weight, and has an aif 
capacity of 4 cu. ft. per min. 
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This drop hammer is shaping a tool fitting at a Timken Roller 
Bearing Co. plant. Although of mammoth proportions, a hamme» 
like this can be so closely controlled by an expert as to break 


; ' - f watch crystal without damaging the “‘works 
Forging dies are swabbed occasionally with oil con 


taining colloidal graphite to eliminate sticking in deep 

forging work at Kropp Forge Co., Chicago. According 

to Acheson Colloids Co., better finish and reduced die 
wear thus result. 


new things 


Here 1s a 7 00-ton 

and old in metal-forming press 
fabricated by arc 

welding in only 35 

working days, accord- 


bd ing to Lincoln Electrix 
9 | t ° 





serin process for blanking and forming air 


w 
(described in our Oct. 1940 issue, page 436) 
bber punch pad is used. This picture shows 
+ ft. rubber press pad, weighing 2 tons, be 
ed in a giant 5000-ton press destined for a 


raft plant, according to B. F. Goodrich Co. 


heavy forging operation at the Bethlehem, Pa., plant of Bethlehem Steel Co 


P 
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Blackening Zine and Its Alloys 


Zinc and its alloys can be conveniently 
blackened by a new immersion process de- 


veloped by the Enthone Co., 442 Elm St., 


New Haven, Conn. Known as “‘Ebonol Z,” 
the new process consists in immersing the 
zinc or zinc alloy parts in a 1 Ib. per gal. 
solution of Ebonol Z salts at 150 to 212 
deg. F. 

An adherent jet black finish is formed in 
1 to 5 min. It is stated that 1 lb. of salts 
will blacken over 150 sq. ft. of zinc sur- 
face and the bath requires little control. The 
solution is also useful for producing a 
black coating on stainless steel, ‘‘nickel sil- 
ver,’ nickel and precious metals by making 
a couple with these metals and a piece of 
zinc 

Among the more interesting potentialities 
of the process are its use for finishing name 
plates and etchings where recesses must be 
blackened and for blackening armament pro- 


ducts to reduce glare. Zinc plated on hot 


galvanized surfaces as well as solid zinc and 
its alloys can be treated. 


New Process Babbitt-Lined Bearing 


The Evans ‘‘Fusion-Bonded”’ steel-backed, 
babbitt-lined bearing, recently announced by 
Curtis Development & Mfg. Co., 3266 No. 
33rd St., Milwaukee, Wisc., is said to be 
made by a special process that gives it 
unique performance qualities. 

Specifically, an unusually flexure- and 
cracking-resistant bond, uniform bearing 
Structure, and higher load-carrying capacity 
at elevated temperatures are claimed, to- 
gether with good conformability, embedabil 
ity and Brinell 
hardness, 22.8 at 72 deg. F. is as high as 
19.3 at 207 deg. F. and 16.6 at 300 deg. 
F., it is said. 


non-scoring qualities. 


Present production sizes are limited to 
1.125-4.00 in. I.D. 





Arc-Welded Tank for Quenching Gears 


Fast production, weight-saving and pres 
ure-tightness have been achieved in the 
fabrication of this gear-quenching-tank by 
irc welding, reports Harnischfeger Corp., 
1460 W. National Ave., Milwaukee, Wis., 
it whose plant the tank was manufactured 
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uSe OF an automatic positioner 
The tank, 10 ft. deep and 6 ft. in diame- 


ter, was made from two 5-ft. sections of 
d 


l-in. mild steel plate welded together 


The tank, after construction, weighed 2600 


1 ] ; | : . 
lbs 33% less than the weight of a sirhi- 


nk 








@ A standard type of carbide-tipped boring 
bit that will give efficient service on most 
steel boring operations, while requiring 
minimum grinding alterations for special 
jobs, has been placed on the market by 
McKenna Metals Co., 158 Lloyd Ave, 
Latrobe, Pa. The “Kennametal” tips op 
these tools are said to permit high cutting 
speeds on steels up to 550 Brinell hardness 


New A.C. Arc Welder 


“Simplified welding” is the claim made 
by Ideal Commutator Dresser Co., 192 
Park Ave., Sycamore, Ill., for its new ac 
arc welder. Fifteen different welding heats 
between 20 and 175 amps. are available. 
and penetration may be up to \% in, or 
more, if desired. 

The design includes a reactance winding 
on a separate core in addition to the trans- 


former. This winding stabilizes the sys. 
tem and makes easy the striking and hold. 
ing of an arc, and also causes the ltage 
to vary proportionately, so that the arc is 
always smooth. 

The standard welder is for 2 volt, 
60-cycle operation; full-load curre s §2 
amps. Welding rod should be veen 
1/16 in. and 5/32 in. diam. 1 unit 


weighs only 190 Ibs. 


@ A new ultra-fast method of king 
lacquered or enameled metals wi en- 
graving has been developed by mark 
Corp., Elizabeth, N. J. The pr con- 
sists of a steel die application to t ated 
metal under electrically controll: ndi- 
tions. 
Personals 

General Alloys Co., Boston, a uNCces 
that Roger Sutton, tormer Chrysic: metal- 
lurgist, is the company’s new director of en- 
gineering and metaHurgy, and L. M. Lind- 


sey its new engineering sales manager. ... 
Harry E. Orr, hitherto chief metallurgist 
of Burnside Steel Foundry Co., 1s now 
sales engineer for Vanadium Corp. of 
America at Chicago. 

R. S. Marthens, manager of Westing- 
house’s gearing division, has been named 
staff assistant to the manager of the Canton 
Ordnance Division at a plant now being 
built. - . . Gustav E. Guellich, formerly 
of George Scherr Co., is now metallurgist 
of Spencer Lens Co., Buffalo. 

H, A. Pray has been appointed head of 
the new division of electrochemical research 
at Battelle Memorial Institute, Columbus, 
O. . . . Raymond R. Ridgway of the Nor- 
ton Co., Chippawa, Ontario, was elected 
president of the Electrochemical Society at 
its recent meeting. 

The American Foundrymen’s Association 
will award the following medals at is 
annual convention: The Joseph S. Sea 
man medal to Charles E. Hoyt, the Asso- 
ciation’s executive vice president and ex- 
position manager . . the J. H. Whiting 
medal to Donald J. Reese, International 
Nickel Co. engineer the W. H. Me 
Fadden medal to Max Kuniansky, general 
manager of Lynchburg Foundry Co. 
ind the John A. Penton medal to Fred L 


} | ak srass Co 
I hnical director, O! Bra 
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Welding-Gas Economizers 


For jobs where welding operations are 
intermittent—where welding torches are 
on-and-off because of work set-ups—a new 
model (4360) Rego economizer designed 
to save up to 30% in gas and operator 
time is now available, according to its 
manufacturer, Natioual Cylinder Gas Co., 
207 W. Wacker Drive, Chicago. 

This new model is intended for very 
light-weight torches and for torches that 
operate at unbalanced gas pressures. The 
shut-off action is fast, positive and leak- 
owing to the diaphragm-type shut- 


proot, 
oft valves 

The shut-off valves on the lever arm 
sssemb! are equipped with adjusting 





screw h, when set for the torch pres- 
sures » used, assure correct seating. 
An « ible lever arm provides the ad- 
justab required for positive shut-off 
with veight torches. 

Th lel operates with pressure un- 
balan xtreme as 3 oz. acetylene pres- 
sure lbs. oxygen; with torches at 
equal lanced pressure up to 25 lbs.; 
and | ling a weight to the lever arm, 
with | | pressure up to 50 Ibs. 
Hot-Tinving Flux 

At t-tinning development is a spe- 
cial tin known as ‘Fas-Tin-Flux,’’ made 
by the m-Van Winkle-Munning Co., 
Mataw J. J. The product is a liquid 
of the chloride type, and is used for 
hot tin: and soldering and in the man- 
ufacture terne plate. 

The fiux contains special addition agents 
to assure fast action, and is so made that 
it will be free from uncombined hydro- 


chloric a The flux should be: used at 
full strength, but it may be diluted if de- 
sired. For best results, the flux fusion 
made from Fas-Tin-Flux should be kept on 
the tin pot and the entering work passed 
through. 

This flux may be poured on molten tin 
without danger of explosion, it is said, and 
will form a foamy flux blanket, which is 
constantly supplied with water by a drip. 
It is claimed that 100 Ibs. of this flux will 
accomplish as much as approximately 135 
lbs. of 50 deg. Baume zinc-chloride fluxes. 


@ Because the scope of its service has 
Come to include the broad field of basic 
tefractories in general as distinct from just 
dolomite refractories, Basic Dolomite, Inc., 
Cleveland, has changed its name to Basic 
Refractories, Incorporated. 
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Meetings and Expositions 


NATIONAL ELECTRIC MANUFACTUR- 
ERS’ ASSOCIATION. Hot Springs, 
Va. May 12, 1941. 

AMERICAN FOUNDRYMEN’'S ASSOCIA- 
TION, annual meeting. New York, 
N. Y. May 12-15, 1941. 

AMERICAN SOCIETY FOR METALS, 
Western Metal Congress and Ex- 
position. Los Angeles, Calif 
May 19-23, 1941. 

AMERICAN INSTITUTE OF CHEMICAI 
ENGINEERS, semi-annual meeting 
Chicago, Ill. May 19-21; 1941 

AMERICAN PETROLEUM INSTITUTE, 
mid-year meeting. Fort Worth, 
Texas. May 19-23, 1941. 

AMERICAN IRON & STEEL INSTITUTE, 
general meeting. New York, N 
Y. May 22, 1941. 

AMERICAN ELECTROPLATERS' So- 
CIETY, annual convention. Bos- 
ton, Mass. June 9-12, 1941. 

EASTERN PHOTOELASTICITY CONFER- 
ENCE, semi-annual meeting. Cam- 
bridge, Mass. June 12-14, 1941. 

AMERICAN INSTITUTE OF ELECTRI- 
CAL ENGINEERS, summer conven- 
tion. Toronto, Ont., Canada. 
June 16-20, 1941. 

AMERICAN SOCIETY OF HEATING & 
VENTILATING ENGINEERS, semi- 
annual meeting. San Francisco, 
Calif. June 16-20, 1941. 

HEATING, PIPING « AIR CONDITION- 
ING CONTRACTORS NATIONAL As- 
SOCIATION, annual meeting. San 
Francisco, Calif. June 16-20, 
1941. 

AMERICAN SOCIETY FOR TESTING 
MATERIALS, annual meeting. Chi- 
cago, Ill. Jume 23-27, 1941. 











New Arc Welding Electrodes 


Three new shielded-arc electrodes, Types 
W-30, W-83 and W-93, for specific types 
of arc welding work have been announced 
by the General Electric Co., Schenectady, 
N. Y. All three types are heavily coated 
and will operate on either d.c. or a.c. 

Type W-30 is an A.W.S. E-6012 all. 
position electrode, especially designed for 
automotive and piece-work industries where 
high currents are desired for high-produc- 
tion speed on lap or fillet welds. 

For job welders or manufacturers en- 
gaged in the fabrication or repair of cast 
iron, the Type W-83—an all-position elec- 
trode—is ideally suited. Type W-93 is 
specially designed for building-up steel 
surfaces to resist wear from shock, abra- 
sion and rolling impact. 


Infra-Red Lamps for Baking Finishes 


Three new infra-red heat lamps have 
been placed on the market by the Birdseye 
Div. of Wabash Appliance Corp., Brook- 
lyn, N. Y. Two of the lamps are clear, for 
use with gold-plated or Alzac reflectors, but 
the third requires no separate reflector 
since it is built with its own reflector lining 
sealed inside This silver reflector lining 
will keep its heat reflecting value for the 





6,000-hr. life of the bulb, it is said. 
Filaments of infra-red lamps operate at 
lower temperatures than incandescent lamps 
used for lighting, and the infra-red radiant 
energy is developed at wave lengths that 
have high penetration—a feature that is 
especially important in the baking and 
drying of lacquers, paints and enamels 





WANTED 


Complete metallographic Labora- 
tory, including microscope, camera, 
and polishing equipment. 


The O. S. Kelly Company 
SPRINGFIELD, OHIO 











FREE SERVICE DEPARTMENT 


Replies to box numbers should be ad- 
dressed care of METALS AND ALLOYS. 
330 W. 12nd. St.. New York. 


HELP WANTED: Metallurgist with some 
foundry experience required by engineering 
company specializing in iron and steel foundry 
practice. Give complete details of training, 
experience and compensation in first letter. 
Box MA-7. 


POSITION WANTED: Sales Representative. 
In Detroit, covering Michigan, Northern Ohio 
and Indiana, desires connection with manufac- 
turer interested in this area—have 20 years’ 
successful selling experience with mechanical 
and metallurgical knowledge. Box MA-8. 


POSITION WANTED: Sales Engineer. Now 
selling heat treating equipment and supplies 
in the Detroit area, desires additional line of 
refractories or equipment. Exceptional con- 
tacts with the automotive and machine tool in- 
dustry. Box MA-9. 


HELP WANTED: Graduate metallurgist en- 
gineer with minimum of five years’ experience 
in ferrous and non-ferrous foundries for re- 
search and control work. Reply to this ad 
must contain full information as to experience, 
age, references and salary desired. Box MA-10 


POSITION WANTED: Graduate metallurgist 
wishes to change positions. Now employed by 
tool, alloy and stainless manufacturer. Experi- 
ence in physical and metallographic labora- 
tories and in investigational work on hot and 
cold working of high stainless and heat resist- 
ing alloys. Thorough knowledge of heat treat 
ing and metallography with relation to applica- 
tions of high speed steels. Sales work con- 
sidered. Box MA-11. 





An 


INDEX 
to the contents of 
“METALLURGICAL 
ENGINEERING 
DIGEST” 
for 1940 


is now available. 


Price 50 cents 


Metals and Mloys 
330 West 42nd St. 
New York City 
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Carbon bars on the ling bed 
at Bethlehem’s Lacka na Plant. 








As rounds, flats, squares and many other 
sections, Bethlehem Carbon Bars are basic 
materials for a wide range of manufactured 
articles, from small tools to automotive parts. 
A major producer of steel in this vital form, 
Bethlehem is in a position to produce practi- 
cally any required section, size and length of 


carbon bar. 


BETHLEHEM STEEL COMPANY co 
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Avoiding Inserts in Die Casting 
by B. E. Sandell 
‘ewart Die Casting Div., 


Stewart Warner Corp. 


In are often cast in place in die cast- 
ings, cially when the inserted piece 
must tronger or harder than the metal 
die ound it or is of such shape that 
it car vell be formed by casting. (See 
the a ‘Spherical Pivot Formed in Die 
Casti in METALS AND ALLOoys for 
Mar ge 319). The use of inserts, 
how« lows the casting cycle because 
of t tra time required to place the 
inset the die; also, the insert must 
usual made by another and some- 
times rather expensive process. For 
these ns, inserts should be used only 
when y accomplish results that cannot 
be ol d otherwise except at a sacri- 
fice of nomy. 





Designers who may have used inserts to 
advantage in certain die cast parts some- 
times forget that there are cases in which 
4 given result is secured at lower cost by 





MAY, 1941 


shop notes 


a design in which the entire piece is die 
cast and the insert avoided. It is not un- 
usual, for example, to apply an insert as a 
shank for a handle when the shank is sub- 
jected to torsion and must fit some mating 
part, as on a square or spline. This ac- 
complishes the desired result as to per- 
formance and is certainly the best con- 
struction in some instances, but there are 
other cases in which the shank or exten- 
sion can be cast with the square or spline 
along with the remainder of the piece, thus 
doing away with an insert and saving con- 
siderable expense. 

Such an instance in which an insert can 
be avoided is the illustrated flushhandle 
for a toilet tank. As the photograph shows, 
the handle and shank extension are in- 
tegral. Both are formed from zinc alloy, 
with the end of the shank cast square to fit 
a mating part. 

A similar shank of steel could have been 
applied as an insert, but its cost, with the 
squared end, would have added consider- 
ably to the total cost. In steel the shank 
would have been stronger and harder, of 
course, but would have been subject to 
red rust, whereas the integral die-cast 
shank is not subject to red rusting and has 
adequate strength, as well as sufficient hard- 
ness. 

To form a square, splined or serrated 
end on a steel or other wrought rod in- 
volves a considerable expense, but to do 
so on a die casting usually adds only a 
slight amount to the cost per piece. The 
die-cast extension usually can be made as 
large in diameter as required to have the 
necessary torsional strength, even though it 
would not have the same strength as a 
wrought pin of equal diameter properly 
anchored in the die casting. 


To shrink oil-hardening steel, heat to 
the high side of the correct hardening 
range; remove and let the temperature drop 
to about the critical; and then quench. 


—Heat Treating Hints, 
Lindberg Engineering Co. 





High-Melting Tin Solders 


by C. E. Homes 


Tin Research Institute, Inc 


The need often arises for solders that 
melt at a somewhat higher temperature 
than the usual tin-lead alloys and that 
have greater strength at elevated tempera- 
tures. 

There are two tin solders that are some- 
times used for service at relatively high 
temperatures. One contains about 5 per 
cent silver and the other about 3-5 per 
cent antimony, the remainder in each case 
being tin, Both have greater strength at 
higher temperatures than the __ tin-lead 
solders, and their creep properties are par- 
ticularly good. 

The temperature at which melting com- 
mences is 433 deg. F. for the tin-silver 
alloy. For the tin-antimony alloy it is 
455-464 deg. F., depending on the anti- 
mony content. (For the conventional tin- 
lead alloy the corresponding figure is 361.4 
deg. F.) Both solders can be used for 
dipping or for bit-soldering, but it is 
necessary, of course, to keep the working 
temperature some 90-110 deg. F. higher 
than for ordinary solder. This is particu- 
larly important with the tin-antimony alloy, 
which is likely to crumble and appear 
brittle if the iron is not hot enough. Pro- 
vided that sufficient heat is applied, both 
solders flow well and give sound joints. 

In addition to these two commercially 
available alloys, we have used experi- 
mentally an alloy containing 5 per cent 
antimony, 2 per cent cadmium, and the 
remainder tin. It is stronger than either 
of the others mentioned and begins to melt 
at approximately 446 deg. F. For bit- 
soldering it is quite easy to use, provided 
that the iron is hot enough, and it may 
also be used for dipping baths. It is, 
however, not quite so fluid as the tin-anti- 
mony and tin-silver alloys and when used 
for dipping the surplus solder does not 
drain off the articles so readily. 
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Visual Serting of Scrap 


by P. J. Dunbar 


Westinghouse Lamp Division 


Molybdenum, tantalum, stainless steel, 
and nickel scraps can be identified and 
separated positively and quickly by char- 
acteristic color tinges appearing on the 
different metals under daylight fluorescent, 
lighting 





Sheet molybdenum and tantalum, espe- 
cially, look .alike under normal incande- 
scent light, and cannot be separated by 
visual inspection. By segregating the 
scraps into small piles and lighting them 
with a single 24-in. daylight fluorescent 
lamp in a concentrating reflector, the 
tantalum can be identified instantly by its 
apparent bluish hue, while molybdenum 
retains its characteristic metallic color. 

The method is so foolproof that these 
materials are now sold separately with a 
purity guarantee, where formerly valuable 
tantalum pieces were interspersed with the 
rest of the mass which had to be salvaged 
and sold as mixed molybdenum and 
tantalum scrap. The illustration shows 
sorting under fluorescent light being car- 
ried out at the writer's plant. 

Recently from salvaged molybdenum 
having a value of about $700 in its pure 
state, an additional $100 worth of tantalum 
was recovered through this use of fluor- 
escent lighting. 


More About Tube Bending 


by Herbert Chase 


Excellent results in tube bending are now 
being secured by the use of alloys of bis- 
muth containing lead, tin and cadmium 
(such as ““Cerrobend’’, produced by Cerro 
de Pasco Copper Corp.) as described in 
these columns last August, page 227. Some 
added details on the use of such tube- 
filler alloys are presented herewith. 

These bismuth alloys are used primarily 
because of their low melting point, 160 
deg. F., as this facilitates handling and 
makes it possible to remove the alloy from 
the tube, after the latter has been bent 
to the required shape, by merely heating 
with steam or hot water. The alloy is 
employed extensively in preparing tubes 
(especially aluminum alloy tubes) for use 
in aircraft where many bends are usually 
required. 
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No one knows better than an 
editor how hard it is to write, but 
even so the editors earnestly solicit 
your contributions to this depart- 
ment. Payment will be made for all 
original material that is published. 











The tubing is commonly heated above 
160 deg. F. so that the molten alloy 
poured into it will not cold-set during 
loading. When a heated tube is ready to 
be filled, one end is closed with a stopper, 
made of hard wood or rubber and having 
a slight taper. After the molten alloy has 
been run in, the tube is plunged, closed 
end first, into water; this cools the bis- 
muth alloy quickly and results in a fine 
grain structure, said to be ductile and easy 
to bend. 

Tubes of 52 SO aluminum alloy with 
a wall about 0.050 in. thick are much 
used in aircraft and are subjected to care- 
ful inspection to guard against pin holes, 
thin spots and weak seams, as failures may 
result im serious accidents. In this con- 
nection, the bismuth alloy will find its 
way through the smallest pinhole or crack, 
even though these may be invisible to the 













eye because burnishing or other working 
has covered them with a thin layer of 
metal. Also, the bismuth alloy expands 
slightly when it solidifies and cools: this 
expansion is not sufficient to injure a 
sound tube wall, but it will reveal a thin 
spot, by causing a blister to occur at that 
point, or cause a weak seam to split. 
Application is not confined, of course, 
to aircraft tubing, but is of special jm- 
portance in thin wall tubes which must 
be bent without flaws. Some instrument 
tubes with walls as thin as 0.0035 in. are 
bent readily by the use of bismuth alloy. 
A tendency to “tin’’ the tube or to alloy 
with the metal of the tube may be avoided 
by applying a light lubricating oil to the 
tube before the molten alloy is introduced. 
Suction can be employed to draw the 
molten alloy into tubes that are too small 
in diameter to allow of convenient filling 
by pouring. It is claimed that tubes that 
have been plated with nickel or chromium 
can be bent without flaking of the plate, 
Some work is reported to have been 
done in bending open rolled sections with- 
out rippling or distortion (other than that 


desired) after the metal is embedded in 
bismuth alloy in a suitable m In 
such work, as well as in tube b. ding, 
the alloy is reclaimed, of course 1 is 


used repeatedly. 


An Aid in Aircraft Riveting 


by W. E. 
Industrial Tape Corp. 


Mayers 





Aircraft wing and fuselage structures are 
widely fabricated by riveting, in spite of 
the inroads of the spot welding process. 
One minor source of delay in riveting is 
the frequent attention the operator has 
to give to individual rivets that have be- 
come loosened or dislodged from their 
pre-placed positions before riveting. 

To speed the work of riveting airplanes, 
industrial adhesive tape is now being used 


by many large aviation companies—in- 
cluding Grumann, Curtiss-Wright, Brew: 
ster, and Glenn Martin—to hold the rivets 
in pasition. 

In addition to merely inserting the rivets 
in their holes, the operator who precedes 
the riveter covers them with strips 
tape, as illustrated. Unhampered by 
loosened or dislodged rivets, the riveter 
can do his job considerably faster. 
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FERROUS AND NON-FERROUS 


1. Production 


Blast Furnace Practice, Smelting, Direct Reduction and 
Electrorefining. Open-Hearth, Bessemer, Electric-Furnace 
Melting Practice and Equipment. Melting and Manufac- 
ture of Non-Ferrous Metals and Alloys. Soaking Pits and 
other Steel-Mill and Non-Ferrous-Mill Heating Furnaces. 
Steel and Non-Ferrous Rolling, Wire Mill and Heavy Forg- 
ing Practice. Foundry Practice, Furnaces, Equipment and 
Materials. Manufacture of Dte-Castings. 


2. Processing and Fabrication 


Drop and Hammer Forging, Drawing, Extruding, 
Stamping and Machining. Age-Hardening, Annealing, 
Carburizing, Hardening, Malleableizing, Nitriding, Surface- 
Hardening and Tempering. Heating Furnaces, Refractories, 
Fuels and Auxiliaries. Welding, Flame-Cutting, Hard- 
facing, Brazing, Soldering and Riveting. Cleaning, Pick- 
ling, Electroplating, Galvanizing, Metallizing, Coloring and. 
Non-Metallic Finishing. 


3. Properties and Applications 


Physical and Mechanical Properties (including Fatigue 
and Creep). Corrosion and Wear. Engineering Design 
of Metal-incorporating Products. Selection of Metals and 
of Metal-Forms. Competition of Metals with Non-Metals. 
Specific Applications of Metals and Alloys. 


4. Testing and Control 


Physical and Mechanical Property Testing and Inspec- 
tion. Routine Control and Instrumentation. X-ray and 
Magnetic Inspection. Spectrographic and Photoelastic 
Analysis. Corrosion- and Wear-Testing. Examination of 
Coatings. Surface Measurements. Metallographic Struc- 
ture and Constitution. 


J. General 


Articles pertinent to more than one of the previous sections. 











Blast Furnace Practice, Smelting, Direct Reduction energy received by the cell is small, but as 
and Electrorefining. Ope n-Hearth, Bessemer, Elec- ~, — ri ge during ihis period 
( and the carbon then starts to burn. ¢} 
ric-Furnace ry “a : »}4- ; » the 
tric-Furnace Melting Practice and Equipment. Melt enetey seceieed iets 40. maxinem, 
ing and Manufacture of Non-Ferrous Metals and Al. At the end of the blow, when the carbon 
loys. Soaking Pits and other Steel-Mill and Non- i ges cmapanety eliminated, the energy 
" ; : drops sharply. . De ded 
Ferrous-Mill Heating Furnaces. Steel and Non-Fer- ps sharply. When the energy drops to 
‘Ri. : a certain amount, the blow is completed and 
rous Rolling, Wire Mill and Heavy Forging Practice. the vessel is turned down a certain number 
Foundry Practice, Furnaces, Equipment and Materials. of seconds afterwards. Data are given to 
en tive of Tile Cattines prove that ‘flame control decreases rejec- 
,' anufac uve OF Lite UASTINGS. tions and increases yields. The nitrogen 


la. Ferrous 
Bessemer Steel 
A Composite 
There is no evident let-up in the growth 
of interest in the Bessemer process of steel- 


making, so long an unnoticed (though 
never unimportant) part of our steel pro- 


Type 25, all-welded Heroult Furnace 
with conical shell which materially 
increases cold serap capacity. furnace construction. F 





For low-cost, efficient melting and refining of all kinds Protects concrete foundation pads from excessive heat. 
of ferrous materials by either basic or acid process— 
including alloy, tool, and forging steels, iron and steel 
castings. Any capacity from 4 ton to 100 tons; hand, 
chute, machine or drop-bottom bucket charging. 




















control of the Bessemer process is discussed 
by H. K. Work (“Photocell Control for 
Bessemer Steelmaking’, Am. Inst. Mining 

G Met. Engrs., Tech. Pub. No. 1300, 194] 

19 pp.). Older attempted methods of cop. 

trol and observations with spectroscopes are 
reviewed. Spectra of the Bessemer flame 

at different times during the blow are 
shown, which indicate that during the latter ’ 
part of the blow carbon is burning with a 
luminous flame 


In the method of control finally adopted 
the entire flame is imaged on a photocell 
and the radiant energy falling on the cell js 
plotted as a function of time. Filters are 
used so that the sensitivity of the photocell 
is approximately the same as the human 
eye. During the first half of the blow the 


content of Bessemer steel was found to 
increase linearly with blowing tim 





duction picture. In our January issue, p. E. E. MCGINLEY « L. D. WoopwortH 
70, the economic status of the acid Besse- of Carnegie-Illinois Steel Corp. ( Study 
mer process in America and methods of of Modern Bessemer Steels,’ A Inst, 
dephosphorizing acid steel were reviewed. Mining & Met. Enegrs., Preprint, 2 imeo- 
Additional advances are reported in papers graphed pp.) give plant data on semer 
presented before recent meetings of the steels. Tensile strength data on h open- 
A.I.M.E. hearth and Bessemer steels show -<)iat for 

The ‘flame control’’ system developed by the same carbon content the stremcth of 
Jones & Laughlin Steel Corp. for the better Bessemer steel is 15,000 Ibs./i above 





Therw-lflake 


INSULATING CONCRETE 


A Light Weight High Temperature Concrete with 
Double Insulating Value 


The 24" of THERM-O-FLAKE rete 








shown in an Open Hearth checker chamber 
bottom is used to protect the concrete | da- 
tion pad from excessive temperatures. /t is 
equivalent in insulating effect to about 15” 


of fire brick. 


Reduces usual insulating concrete thickness by about half. 


Increases effective depths of flues and checkers in Open Hearth 








Allows increased magnesite thickness in Open Hearth bottoms. 





Smooths surface irregularities on Open Hearth bottom pans. 
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AMERICAN BRIDGE COMPANY : 
General Offices: Pittsburgh, Pa. Write for Information and Prices 
; Offices in the larger cities a Th 1 | ke 
Coben, Set is Fan epee Gas paneer other Therm flake Products 









UNITED. STATES STEEL 








Made from Exfoliated Vermiculite x | 
Granules - Coating - Brick - Block souter, Mt 
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STRANDS IN 1941 





The installation of a second wire rod finishing train, 
with its coiling and conveying equipment, permitted 
the company to double the output of the entire mill 
without major change. Every part of the mill, from 
reheating furnace to looping stands, had been built 
for four-strand operation. 

Morgan Continuous Rolling Mills are planned with 
both eyes on the future. Morgan is Prepared for Pre- 
paredness! 














CONTINUOUS ROLLING MILLS 


Billet * Sheet Bar * Merchant * Rod © Strip * Skelp 
MORGAN CONSTRUCTION COMPANY * WORCESTER, MASSACHUSETTS 
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Copper-coat with CUPRODINE 
CUPRODINE creates a denser, tighter, 


brighter and more uniform coating, in 
less time. Provides better lubrication for 
drawing than ordinary copper coating. 


A 











Pickle with RODINE 
tie RODINE, added to the pickling bath, 


saves acid and metal, minimizes 
PROCESSES brittleness, and lowers pickling 
costs. Standard the world around. 














For complete information write 


oe HEMICAL AINT CO. 


Main Office & Works AMBLER, PENNA. 











USE 
MOORE RAPID 


FURNACES 


for 
MELTING 
REFINING 
SMELTING 


Illustration shows top charge type LEC- 
TROMELT furnace with roof raised and 
rotated to one side to permit quick 
charging with drop hottom bucket. 


LECTROMELT furnaces offer the rapid and economic means for 
the production of plain carbon and alloy steel ingots and castings 
as well as gray and malleable irons. Top charge and door charge 
types are both available. LECTROMELT furnaces are built in 
standard capacities from 25 pounds to 100 tons. Write for details. 


PITTSBURGH LECTROMELT FURNACE CORP. 
Foot 32nd St. Pittsburgh, Pa. 
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that of open-hearth steels. For the same 
strength the open-hearth steel must have 
0.15% more carbon than the other steel. 
The impact resistance of the two types 
of steel is approximately the same when 
they have the same tensile strength. Billet 
preparation costs are correlated with teem. 
ing temperatures and it is shown that these 
costs increase as the temperature varies from 
2890° F. in either direction for capped 
steels; and that the same is true when the 
temperature varies from 2860 F. for 
rimmed steel. No correlation was found 
between nitrogen content and teeming tem. 
perature. ILG (1a) 


Extra-Hard Iron Castings 


\ New Process FOR THE MANUFA 


Harp Castincs (“Ein neues 
fahren zur MHartgussherstellung K 
KNEHANS & N. BeRNobtT. Teci litt 


Krupp, Forschung. Ber., Vol. 3. 
1940, pp. 275-278. Descriptive 


Hard castings are ordinarily produced in 
the foundry by using a charge with a high 
carbon content. This may require the use 
of special (and usually more expensive) 
pig iron 

The new process consists in providing the 


required carbon not in the charge but by 
using a fuel in the cupola that  ontains 
more carbon than foundry coke fically 
petroleum coke, which is much r and 
denser than foundry coke, and ha than 
0.8% volatile constituents and little 
ash (0.3% as against 9-10% i dinary 
coke). The carbon content of oleum 
coke is 98%, with little sulp 0.5% 
max. as compared with about 1° foun- 
dry coke. 

The regular coke need not | ntirely 
replaced by petroleum coke, bi nly to 
about 25%. Experiments over a > criod of 
several years have shown that ast iron 
melts made with such fuel are ivalent 
in composition and behavior to the best 
melts made with the usual coke. he cast- 


ings have a somewhat higher carbon con- 

tent (3.64 as against 3.46) an greater 

hardness, 73 shore as against 67 shore. 
Ha (1a) 


Pouring Steel Ingots 


“THe INFLUENCE OF TURBULEN(< PON 
THE STRUCTURE AND PROPERTI! OF 
Steet Incots.” L. Nortucort1 J. 


Iron & Steel Inst., Adv. Copy, May 
1941, 41 pp. Investigation 


Seven steel ingots were cast by different 
methods, which were selected as offering 
different conditions of turbulence of the 
molten metal in the mold. The methods 
were: (1) bottom casting, (2) top casting, 
a single stream down the center of the 
mold, (3) with a multi-hole tundish, (4) 
in a sand mold with a single stream, (5) 4 
single stream near one side of the mold, 
(6) top casting, stirring with a bar after 
casting, and (7) casting in a sloping mold. 

The macrostructure, chemical segregation 
and mechanical properties of the ingots 
were studied. Further information on the 
influence of the casting method was ob- 
tained from a number of small composite 
nog-ferrous alloy ingots, in the preparation 
of which a red alloy was poured first and 
was immediately followed by a white alloy 
of similar density and melting point. 
Knowledge of the distribution of the stream 
in the mold was then obtained by exam- 
ining the distribution of different-colored 
metal in the ingot. 

The casting method offering least turbu- 
lence was the multi-hole tundish. In order 
of increasing turbulence this was followed 





by bottom casting, top casting with a sing 
stream down the center, with 


a tilted mold, 
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with a single stream near one side of the 
mold, and the poker-stirred methods. The 
structure of the tilted-mold ingot was very 
unsymmetrical ; the lower side down which 
the stream was poured was composed of 
small equi-axial crystals while large colum- 
nar crystals grew from the opposite face. 
The stirred ingot showed a _ pronounced 
banded structure, the bands being approxi- 
mately parallel to the middle of the ingot. 
The sand-mold ingot was characterized 
by excessive piping, due partly to the pene- 
tration of the skin first formed by the 
liquid on the inside. The ingot had a 
coarse primary crystal structure and pro- 
qounced inverted “V" segregation. The 
ingot cast with a single stream near one 
side of the mold showed a patchy form 
of inverted “V" segregation. In general, 
the inverted “V’' segregate showed a 
strongly dendritic structure as compared 
with the nodular structure of the purer 
metal on either side of the segregate. 
Observations and theoretical considera- 
tions indicate that under completely non- 
turbulent conditions of casting the primary 
structure of the ingots would have been 
almost wholly columnar. The distribution 


of carbon and other elements is influenced 
by the method of casting, particularly bv 
those processes making use of a non-axial 
as JLG (1a) 
Ferro-Alloy Quality 
| EVALUATION OF FERRO-ALLOYS 
ag rsuchungen zur seurteilung von 
Fe gierungen”) H. Srecer. Stahl 
n, Vol. 60, Dec. 12, 1940, pp. 
1125-1131. Research. 

The bility and composition of various 
lots of o-alloys including ferro-tungsten, 
ferro- lenum and ferro-vanadium were 
investi |. The fusibility of a ferro-alloy 
can | proximated by a fusibility test 
with ; w-torch. 

Tw rms of ferro-tungsten were ob- 
served i the same consignment—very fine- 
graine nse lumps, lower in carbon and 
highe: tungsten, and porous coarse- 
grainc ops with large blow holes, higher 
in cart nd lower in tungsten. The latter 
(poro ype was more fusible. 

Ver teresting micrographs are shown 
of the icture and type of inclusions in 
the ferr. alloys. Inclusions of ferro-molyb- 
date w identified as dark brown in color, 
molybd n trioxide as yellowish white, 
and m lenum dioxide as violet. 

Three types of inclusions were also 
identifie! in ferro-vanadium. These were a 
“skelet type, probably a eutectic of 
alumina and vanadium trioxide; spherical 
inclusions, probably alumina silicate; and 
very fine inclusions, probably alumina. Such 
inclusions in ferro-vanadium usually go up 


to the slag when the ferro-alloy is added 
to the steel, but under certain conditions 
some of the inclusions may be held by the 
steel. SE (la) 


Blast Furnace Refractories 


“MEMORANDUM ON Brast FurNAcE ReE- 

FRACTORIES.”” Louis A, SmitH (Jones 

& Laughlin Steel Corp.) Blast Furnace 

Steel Plant, Vol. 29, Jan. 1941, pp. 
63-65. Review. 


As a means of checking disintegration of 
blast furnace linings, consideration should 

&iven to the use of high-fired super-clay 
bricks for the 20-30 ft. next above the 
mantle, with perhaps a less expensive varia- 
tion of the same from that point up to the 
bottom of the wearing plates. The desired 
brick is made from selected Missouri flint 
Clays, all ingredients properly grain-sized, 
bonded, formed, and burned to have better 
tefractoriness than is now available in the 
regular furnace bricks. 
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In addition, there would be good struc- cements, it would seem logical that any 
tural strength, low permeability and better hard burned structurally strong brick, laid 
abrasion resistance, reheat values, and non- with a 1:4 cement-grog mortar should be 
spall characteristics. In the zone immedi- heape 1 as good ; “ ' 
ately above the mantle, the bricks should be : ie i ich 2 he efter welled 
of the same general type as for the top, quality brick, in the wearing-plate zone. 


but with lower permeability and_ better The author strongly recommends that mor- 
refractoriness. tar for all bricks from mantle to stock-line 
Super refractory bricks should be used in be a heavily grogged fire-clay of high heat 
the full thickness of the lining only for the quality. Its grain size should be 30 mesh, 
first 12-15 ft. above the mantle. Beyond but finer may be needed in certain cases 
that, regular furnace bricks can be used in Building the bottom 10-15 ft. of lining 
the half of the lining next to the shell. tight against the shell appears to be best 
Under certain conditions, hard burned insurance against shrinkage effects, cracks 
second quality bricks might be used in the in lining, disintegration, and hot spots 
shell half of the lining at the stock-line. With fire-brick linings, the use of so much 
Also, regular bricks could be used next to refractory inside the line of bosh coolers is 
the shell clear down to the mantle questioned, when it is known that it is 
With present-day temperature-resistant slagged off in the first 2-3 weeks’ operation 





Pickling solutions can eat away profits as well as scale when they attack 
metals. That’s one of the chief reasons so many manufacturers who 
work with stainless steel, copper, or copper alloys have changed to 
pickling solutions embodying Ferrisul (anhydrous ferric sulfate). 


Use of Ferrisul completely removes oxide scale from 18-8 stainless 
steel with no measurable attack on the metal. From copper and its 
alloys, the cuprous and cupric oxides are readily removed by Ferrisul 
solutions, and while there is some metal attack, it is slower than that 
of other oxidizing agents. A uniform matte surface is produced which, 
like that on stainless steel, is ideally suited for subsequent rolling or 
drawing operations. 

Write today for the complete story of Ferrisul’s unique advantages 
and for information pertaining to your particular problems. 
MONSANTO CHEMICAL 
COMPANY, Merrimac Di- 
vision, Everett Station, 
Boston, Massachusetts. 


MONSANTO CHEMICALS 
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In Germany, carbon blocks or rammed the hydrogen content of the furnace atmos- than in the open hearth. In induction fy. 


carbon plastic with cooling water flowing phere, the protective effect of the slag, and naces, very low hydrogen contents were 
over the outside surface is successfully used the temperature. Particularly in basic heats obtained. Acid slags gave better protection 
in the bosh. MS (1a) higher temperatures favored more hydrogen against hydrogen absorption than basic 
absorption. slags. Toward the end of the heat, basic 
Sources of Hydrogen in Steel The hydrogen in the charge as rust, oil, furnace atmospheres contain about 2-3% 
etc., generally escapes by the time the heat Hz, acid furnace atmospheres about 1% 
ABSORPTION AND ESCAPE OF HYDROGEN 1S melted. When the carbon has dropped In Bessemer melts. the hydrogen content 
snide ia Wi Oe to about 0 2-0.3%, the hydrogen present depends mainly on the moisture content of 
Wie 7 —— with the original charge is practically all the air blast. SE (1a) 
herstellung”) S. von Horsren, B. Kati eliminated. However, hydrogen that may be 
eee i oo ge = Ss —— one woduce | during the nd a ie eaniabate 
kisen ] 60 de S 104( an in C zg a a ° 
1] Sua Drigion re faontn, ™ absorbed with burnt lime, moist ore, leaky Open Hearth Steelmaking Slags 
cooling tubes, etc., may remain in the steel. A Composite 
To study the change in hydrogen content Hydrogen introduced later, e.g. as moisture : : , } 
during the course of open hearth heats in the ladle lining or by thickly tarred One of the peculiarly American ap 
samples were taken from the furnace with molds, may have a greater effect on the proaches to open hearth steelmaking prob 
a new sampling device. The amount of steel than hydrogen present in the furnace lems has been the large amount of work 
hydrogen in the steel was found to depend The results indicated that in she electric done in this country on slag control as 
yn the hydrogen content of the fuel gas furnace the hydrogen content was lower a production tool Some of the pers 
_ presented at the recent annual A.I.ME 
meeting are evidence that this subject jis 


still live material for investigation 

Thus, KARL L. FETTERS & JOHN CHIP 
MAN (‘‘Equilibria of Liquid Iron and Slags 
of the System CaO-MgO-FeO-SiO.’’, Metals 





Tech., Vol. 8, Feb. 1941, 13 pp.) give re 
sults of an experimental study of equilib. 
rium between liquid iron and slags at 
steelmaking temperatures. The melts were 
made in a special induction furnace under 
an atmosphere of nitrogen. Temperatures 
were determined with tungsten-mo! num 
thermocouples. 

The oxygen content of metal juili 
brium with the slags was found t pend 
upon temperature, the relations! eing 
parallel to that previously reporte: the 
simple Fe-O slags. The oxygen « ontent 

. of the metal at 2900° F. is sh as a 
Special function of slag composition. 7 listri- 
bution ratio is by no means const At 

equilibrium the ferric oxide is n tirely 


reduced to ferrous oxide (FeO). 
The solubility of MgO in liqui O in 


alle lamCiaele(= 


equilibrium with metal is shown <r the 
range 2550°-3275° F. The distri! yn of 
I, i i [e sulphur between slag and meta! is not 
greatly affected by temperature, but 1s very 
dependent on slag composition. A ‘hough 
detailed analyses of the molecular «ompo- 
sitions of the slags could not made 
there is some evidence for the stence 
of orthosilicates and monoferrites in the 


liquid slag. 

Eric R. Jette, O. B. ELLis « JOHN 
CHIPMAN ("Effect of Temperati and 
Basicity Upon Equilibra of Liquid Steel 
and Basic Oxidizing Slags’, Am. Inst. 
Mining Eng., Tech. Pub. No. 1321, 1941, 
HEN you choose Anaconda Electric for the base of 9 pp.) give other data on iron-slag equili- 
. bria. Particular attention is paid to the 
manganese constant and the distribution of 





Zinc die castings, you are certain of obtaining uniform, 


dependable metal. For every slab of Anaconda Electric Zinc oxygen between slag and metal. 
: : ° Finally, “Research Problems Relating to 
is electrolytically refined and guaranteed 99.99+ % pure. Steelmaking Processes” compiled by “a 
Anaconda Electric Zinc is supplied in 50 Ib. slabs clearly Committee on the Physical Chemistry of 
marked “Anaconda Electric 99.99+%.’’ Whenever you use Steelmaking (JOHN J. EGAN, Secret 
; ae Am. Inst. Mining Eng., Tech. Pub., 1941, 
this well-known brand, whether in small quantities or carload 7 pp., lists under 4 major headings the 
lots, you may be sure that every slab will test 99.99+% pure. problems relating to steelmaking that are 
, deemed worthy of investigation. The 


89392 . : : : ' 
Committee is attempting to act as a Clear: 


ing house for information regarding the 
topics in the field that are actually being 


studied. JLG (1a) | 
AN , 
from 


1b. Non-Ferrous 


Die-Casting Aluminum-Silicon Alloy 


“Die Castinc 1n DTD 424 Attoys.” 


E. Stevan. Machinery, London, Vol. 
57, Dec. 12, 1940, pp. 307-308. Prac 


Shipping Point: Great Falls or Anaconda, Montana 





tical. 
25 Broadway, New York The alloy DTD 424 (3-6% Si, 2-4 Cu, 
Subsidiary of Anaconda Copper Mining Company 0.15 Mg, balance Al) is hard to cast, due 


to its tendency to crack, contract unevenly, 
and show porosity, surface defects, and cold 
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shuts. Most of these difficulties are due 
to its high contraction and to the fact that 
it is sluggish in the molten condition. 

Dies must be designed with these prop- 
erties in mind—wall thicknesses should be 
as large as possible, tolerances must be 
fairly large, and generous fillets must be 
provided. The temperature of the molten 
metal should never be increased over 1330°- 
1365° F. in an effort to increase fluidity. 
However, dies and cores should be kept as 
hot as possible—it may even be necessary 
to provide external heating. 

The castings should be removed as soon 
as they have solidified to prevent their 
shrinking onto the cores. Gates and risers 
must be more generous than is usual with 
most other light alloys. Die dressings (so- 
dium silicate, whitening) should be used 
freely, and cores should be dressed with 
colloidal graphite. 

Because of the higher die temperatures, 
high quality tool steels must be used for 
cores (usually 18-4-1 high speed steel) and 
for die blocks (tungsten-cobalt-vanadium 
high speed steels—analysis not given). If 
cold chamber machines are used, the feeding 
chamber should be immediately behind the 


die, and relatively large sprues should be 
allowed. With suitable care, good die 
castings can be made of this grade. 

JZB (1b) 


Safety in the Light-Metal Foundry 


* oF SAFETY IN LIGHT AND ULTRA 
I ALLOY MANIPULATION.” H. 
B Light Metals, Vol. 4, Mar. 

44-53. Comprehensive review. 


[A e present time when the use of 
alum: and magnesium alloys is being 
rapid! panded, there is perhaps more 
than usual danger of fires and explo- 
sion dant upon the use of light metals. 
This urticularly true when it is con- 
sideré at much new personnel is en- 
gaged the melting, fabrication, and ma- 
chini f these materials —A.U.S.] 

Melt lagnesium 

Particlar attention should be paid to the 
condit of crucibles used in melting. 
Crucil worn thin with use are always 
dange: In the case of magnesium melt- 
ing w! iron crucibles are used, the iron 
scale formed should be cleaned out of the 
furnace; otherwise splashed metal may 
spill on the iron oxide scale and thus 


initiate a thermite type reaction that could 
easily troy the crucible, thus releasing 
the bulk of the metal to react further with 
the sca! 

The bottom of the furnace should have 
ports leading out so that in the event of a 
crucible failure, the metal will drain from 
the furnace. The air supply to melting 
furnaces should have a rapid-acting cut-off 
so that in case of an emergency the air 
supply could be stopped at once. It is not 
enough merely to shut off the blower: a 
Sate valve is most satisfactory, and should 
be located in a safe place. 

Local over-heating of the crucible may 
be avoided by the use of modern pot 
urnace design in which the hot wall prin- 
= is used. The refractory wall of the 
Te pl gage with a number of holes, 

as-air mixture burns in these holes 

rather than inside the furnace. 
i - pores Pa pet of molten magnesium, 
ay lg ms song to place a lid over 
a fi Pe ch avoid possible splash- 
ie ties g re to set a crucible in 
toe me 08.2 layer of sand; there is 
much likelihood of its tipping over. 
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it is tar better to make a frame to hold 
the tongs so that the crucible is actually 
off the floor. 

In magnesium alloy founding, lives have 
been lost owing to lack of convenient exits. 
If it is necessary to place a melting pot 
in a corner, there should also be a door 
in the corner. The German Magnesium 
Committee has recommended that there be 
at least an interval of 10 ft. between in- 
dividual furnaces or between a furnace 
and a wall. 


Protective Clothing. 


The usual leather aprons and arm shields 
are of course necessary in the foundry. 
It is highly desirable to use quick-release 
fasteners on all foundry clothing. How- 


ever, there is less danger of setting clothes 
on fire in the foundry than there is in 
grinding and machining, where finely di- 
vided magnesium particles (swarf) are en 
countered. Clothes worn in machining 
operations should be smooth (no-sweaters ) 
with a minimum of folds, creases, exterior 
pockets, etc. 

Grinder’s clothing should in addition be 
fireproofed, shaken daily in the open air, 
and washed once a week. [This last would 
seem to be an advisable procedure under 
any circumstances.—F.P.P.} Greasy and wet 
clothing should be assiduously avoided 
Fireproofing compounds are valueless in 
the presence of water. If wet grinding is 
done, the clothing should be dusted once 
an hour 


The same precautions are necessary where 


ROTOBLAST CLEANING 


Increased Production at Lower Cost 





@ The Pangborn Airless Rocker Barrel—in 
sizes from 3% to 28 cubic feet load capacity 
—with or without automatic loading device— 
will give new production life to your blast 
cleaning department. * So will ROTOBLAST 
Tables. * So will automatic Special Machines. 


* If SPEED is a factor—WIRE for data TODAY. 


AIR BLAST CLEANING 


Essential for Mass Production of Miscellaneous Work 


@ In spite of the popularity of Airless ROTOBLASTING units, 
the demand for Air Blast equipment is greater today than ever 
before. * Air Blast ROOMS for large miscellaneous work. 


* CABINET for occasional work. 
Machines for shells, bombs, etc. 


* Automatic CABINET 
* ALL make Pangborn 


Air Blast installations VITAL PRODUCTION UNITS 


in countless industrial plants today. 





TR cs atten! Re ome a or 


PANGBOR 


WORLD'S LARGEST MANUFACTURER OF BLAST ¢ 


PANGBORN CORPORATION . 


LEANING AND DUST COLLECTING EQUIPMENT 


HAGERSTOWN, MARYLAND 
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oil is encountered. It is known that a pro- 
nounced lowering of an oil's flashpoint 
occurs when a little magnesium powder is 
mixed with it. Grinders exposed to either 
water or oil should be fitted with high- 
fitting rapid-release leather aprons. 



































































Machining and Grinding Magnesium 


In massive form, magnesium alloys are 
not dangerous to handle; they may, for 
example, be safely joined by autogenous 
welding. However, in machining, the 
swarf formed should be removed frequently, 
and stored in metal containers with tight- 


htting covers. Damp magnesium alloy 
Swart is particularly dangerous. Cutting 
emulsions are not generally recommended 


“ 





| grey oes leveling up and rebuilding 
of furnace car tops is no longer a 
necessary maintenance job—even where 
the cars, like the two shown in the pic- 
ture, have been loaded with malleable 
castings in heavy annealing boxes. 


Frequent repairs can be eliminated— 
and low maintenance assured—by using 
tops of Refractory Concrete made with 
LUMNITE. These tops are smooth and 
level. They provide a uniform, flat bear- 
ing for annealing boxes. There are no 
small units to loosen and wobble. 


Installation is rapid and economical. 
LUMNITE and the low-cost refractory 
aggregates are quickly obtainable. You 
simply mix LUMNITE and aggregate 
with water and cast the Refractory 





for machining magnesium alloys because 
of the fire hazard. 

There is even more danger associated 
with the grinding of magnesium alloys 
than with machining because of the finer 
swarf formed. It is necessary to remove 
grinding swarf by efficient exhaust systems 
that utilize water sprays as well as high- 
velocity air. Many disastrous explosions 
have occurred owing to the inefficiency of 
exhaust systems. The main precaution to 
be taken is that grinding swarf be not al- 
lowed to accumulate anywhere—in cracks, 
in walls, on operators’ clothing, or in ex- 
haust ducts. 

The air in exhaust ducts should move 
at the order of 100 ft. per sec. in order 
to insure that the actual accumulation of 





... and easily maintained with low-cost 
REFRACTORY CONCRETE 


Concrete in place to any required thick- 
ness, shape and size. 


For detailed information, write for 


booklet, “Refractory Concrete.” 
Address Atlas LUMNITE Cement Co. 
(United States Steel Corp. Subsidiary), 
Dept. M-8, Chrysler Bldg., N. Y. C. 
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p> The above sketch shows how an insulat- 
ing core can be employeu in car tops. This 
core, made of Refrac‘ory Insulating Con- 
crete, increases the efficiency of the refrac- 
tory top and saves heat. 














magnesium particles be under the ex. 
plosive mixture, 30 g./m. The ducts should 
be smooth, short, free of sharp bends and 
the dust should be fully precipitated into 
sedimentation sumps with an adequate 
water spray so that there is no accumula. 
tion of dust except in the sump itself. 

It is desirable that the initial high air 
velocity at the intake be reduced to about 
26 ft. per sec. at the spray to allow the 
dust to become thoroughly wet with the 
spray. This is accomplished by enlarg.- 
ing the diameter of the exhaust system as 
the spray is reached. Ideally, the grinding 
machine should be arranged so that it can 
not be turned on without turning on the 
air and water. 


Alu mMinhm Alloys 


While there is not nearly the danger in 
melting aluminum and its alloys as there 
is with magnesium, a crucible failure can 
be equally serious when the molten alumi- 
num comes into contact with iron scale. 
either in the bottom of the furnace, or at 
the outside of the iron crucible. Here 
again, it is highly desirable to have a quick 
air cut-off independent of the blower in 


case of a leaking crucible, so that a thermite 
reaction is not aided. 

Much the same precautions should be 
taken in the grinding of aluminum as those 
recommended for magnesium. A _ spark 
generated in an ineffective exhaust tem 
can raise havoc, owing to an & sion 
of accumulated swarf. It is interesting to 
note that while the maximum gaso: air 
explosion pressure has been foun be 
7.5 atm., aluminum-dust explosi have 
developed pressures up to 11.6 at The 
high pressures developed in alumi eX- 
plosions are due to the great heat Oxi- 
dation of the metal. A (1b) 


Iron Contamination in Magnesium 


THe OccuRRENCE OF IRON IN I 
MAGNESIUM AND IN MAGNESIUM 
GANESE ALLoys (‘“‘Ueber das Aut 

von Eisen in Reinmagnesium 
Magnesium Mangan Legierut 
EBERHARD FAHRENHORST & W 
BULLIAN. Z. Metallkunde, Vi: 
Jan, 1941, pp. 31-34. Original res 


As contamination by iron materially re- 
duces the corrosion resistance of magnesium, 
it is important to know how the former ts 
introduced into the liquid magnesium and 
in what form it occurs. Published state- 
ments as to whether magnesium dissolves 
iron are contradictory, and iron-crucibles 
are used for magnesium in the industry. 

The authors filled small, thick-walled, 
bright iron crucibles with pure magnesium 
of 99.9% purity 0.011-0.045% Fe, and 
with magnesium-manganese alloys con- 
taining 0.5, 1 and 2% Mn. A lid was 
welded onto the crucibles and the latter 
were heated to temperatures above the melt- 
ing point of magnesium, followed by either 
water-quenching or slow furnace-cooling. 
The solubility was determined at over 4 
dozen temperatures above the melting point 
of magnesium. s 

At the melting point, the solubility of 
iron in magnesium is only 0.026%, but 
it increases to 0.84% at 2200° F. With 
the manganese-magnesium alloys containing 
up to 1% Mn, practically the same results 
were obtained. The 2% Mn alloy dis- 
solves considerably less iron up to about 
1652° F., above which temperature the 
solubility approaches that of pure mag: 
nesium and of magnesium-manganese al- 
loys containing 0.5 and 1% Mn. At the 
melting point of magnesium, the solubil- 
ity of iron drops from 0.026% to 0.006% 
due to the addition of 2% Mn. EF (1b) 
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Heres one Insurance Policy 


thal 


doesn’t call for premiums! 











Modern GAS equipment is your insurance of speed, flexibility, 


close control and economy 


Whether to speed production, improve quality and hold 
unit costs down in the defense industries—or in the 
hundreds of other industries where uniformity, speed 
and low cost are just as important—Gas fuel, equip- 
ment and engineering knowledge are proving their 
worth to American enterprise. 

Gas—high in heat value and capable of precise 
control—is the preferred fuel for carburizing, annealing, 
hardening, drawing, melting, forging, tinning, galvan- 


izing, spheroidizing, malleableizing, bonderizing, bak- 


ing, drying and many other industrial applications. 

Ask your Gas company and its experienced technical 
staff for new ways by which to apply Gas for heat 
treating and scores of other heating processes in man- 
ufacturing metal products. They will be glad to give 


you information and assistance. 


AMERICAN GAS ASSOCIATION 
INDUSTRIAL and COMMERCIAL GAS SECTION 
420 LEXINGTON AVE., NEW YORK 
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Drop and Hammer Forging, Drawing, Extruding, 


Stamping and Machinin g. 


Age-Hardening, Anneal- 


ing, Carburizing, Hardening, Malleableizing, Nitrid- 
ing, Surface-Hardening and Tempering. Heating 


Furnaces, Refractories, Fuels and Auxiliaries. 


W eld- 


ing, Flame-Cutting, Hardfacing, Brazing, Solder- 

ing and Riveting, Cleaning, Pickling, Electroplating, 

Galvanizing, Metallizing, Coloring and Non-Metalli 
Finishing. 


Solders 
A Composite 


Ordinary solders have been thrown into 
startling prominence by considerations of 
the “‘strategic’’ nature of tin, and many’s 
the household handy-man_ who _ today 
squirms internally at the recollection of all 
the precious bright droplets carelessly 
spilled on the cellar floor. 

The strategic and “‘replacement’’ situa- 
tion with respect to solder was discussed 
in a feature article in our Nov., 1940, is- 
sue, p. 641. In the collection of digests 
presented herewith, various types of special 
solders, a cadmium-base “replacement” sol- 
der and solders for aluminum are discussed 


Soft Solders and Fluxes 

Tinman’s solder, dipping solders, soft 
solders for high temperature service, alum- 
inum solders, soldering fluxes, tinning com- 
pounds and creams are all of currently 
great interest, according to C. W. Hart 
(“Soft Solders and Fluxes,” Foundry 
Trade J., Vol. 64, Jan. 16, 1941, p. 40). 
A small proportion of antimony improves 
the properties of tinman’s solder for most 
purposes. The antimony content must be 
carefully controlled during manufacture, 
however, or the solder will be sluggish 
and brittle. For certain duties, particularly 
the soldering of zinc, it is desirable to use 
an antimony-free solder. 

All tin-lead solders commence to melt 
at 362° F., but they begin to lose their 
strength at lower temperatures. For sol- 
dered parts subjected to temperatures over 
200° F. it is advisable to use a_ special 
solder having superior resistance to ele- 
vated temperatures. Two types of alloy 
are available. The tin-rich alloy H.T.3 
melts at 455° F. It is especially recom- 
mended for electrical work since it has a 
high electrical conductivity and can be 
used with safety fluxes. 

The lead-silver solders L.S.1 and L.S.2 
have an even greater advantage in tem- 
perature resistance, since they do not com- 
mence to melt until the temperature 
reaches 580° F. They should be used only 
in conjunction with an active flux. 
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The old method of soldering aluminum 
involved vigorous scraping of the surface 
underneath the molten solder to remove 
the oxide. A_ recently-developed solder 
("Fryal’’) has greatly simplified the tinning 
process. 

To prevent the joint from corroding, it 
should be protected, for example, by paint 
or enamel. Protective or safety fluxes have 
little chemical activity. Active fluxes rep- 
resent the ordinary fluxes used for sheet- 
metal and general soldering work. By com- 
bining an active flux with powdered sol- 
der, a compound is obtained that is far 
more effective than flux and solder sep- 
arately applied. 

The possibility of having to forego the 
general use of tin in British solders en- 
gages the attention of A. J. T. EYLes (“Tin 
Solders,”” Sheet Metal Inds., Vol. 15, Jan., 
1941, p. 50). Tin can be decreased to 
a certain extent in conventional solders by 
additions of suitable alloying additions. 
Thus, antimony up to 1%—in addition to 
improving solder properties as mentioned 
in an earlier paragraph—permits a de- 
crease of up to 2% Sn in tin-lead solder. 

Cadmium is a promising substitute for 
tin. The following cadmium solders have 
been tested and give good results in many 
applications: 90% Pb, 10 Cd; 80% Pb, 10 
Cd, 10 Sn; and 90.5% Pb, 8 Cd, 1.5 Zn. 
The tensile strength of the lead-cadmium- 
tin alloy is about the same as that of 
40% Sn, 60 Pb, but the ductility of the 
former is about twice as high. 


“Hard Solders’ of Aluminum 


The soldering of aluminum has always 
been a problem to challenge metallurgical 
ingenuity. The use of heavily-alloyed low- 
melting aluminum-base solders for “hard- 
soldering” aluminum and its alloys is ex- 
amined by H. ScHuLz (‘Praktische An- 
wendung der Hartlétung von Al and AIl- 
Legierungen,’ Axutogene Metallbearbeit, 
Vol. 34, Jan. 1, 1941, pp. 10-12). 

Hard-soldering of this type is preferably 
applied for pure aluminum (m.p. 1215° 
F.), magnesium-free aluminum-copper and 
aluminum-manganese alloys, and alum- 
inum - copper - magnesium, aluminum-mag- 


nesium-silicon and aluminum-magnesium- 
manganese alloys with low magnesium-con- 
tent inasmuch as the temperature difference 
between their melting points and that of 
the solder is wide enough. Not suitable fur 
hard - soldering are aluminum-magnesium 
alloys of high magnesium content, pure 
magnesium and all magnesium-base al.- 
loys. Likewise, the precipitation-hardening 
aluminum alloys cannot be hard-soldered as 
the temperatures employed obliterate the 
benefits of age-hardening. 

The hard solders, usually in the form, 
of wire, have their melting points between 
1000° and 1100° F. and consist of at 
least 70% Al alloyed with silicon, copper, 
zinc, tin, etc. The aluminum alloy “silum- 
in,” with a melting point of 1060° F. js 
particularly suitable as an aluminum solder 
because of its fluidity. Fluxes used with 
the solders should be most efhcacious at 
about 1040° F. 

The procedure is about the same as the 
brazing of copper and brass, and the 
joints should be carefully cleaned. The 
strength of the soldered joints is stronger 
than the material as fracture in tensile 
tests occurs in the material rather than in 
the joint. 

The corrosion resistance of joints sol- 
dered with silumin is the same that 
of 2 weld as the solder has only very 
small potential difference in contac: with 
aluminum and its alloys. If the « sion 
resistance is to be very high, the ered 
joint can be protected against a of 
moisture by a lacquer. The colo: the 
joint is somewhat darker than of 
aluminum, so that the joints can pol- 
ished only under certain conditio: 1no- 
dizing is also not always possible dis- 
coloration of the joints occurs. (2) 


Electroplating of Aircraft Par's 


‘““ELECTRODEPOSITION IN THE AIR} 
InpustTrRY.”” Urspan A. MULLIN (W 
Aeronautical Corp.) Monthly Rev. 
Electroplater’s Soc., Vol. 28, Mar. 
pp. 185-195. Descriptive. 


Copper plating is mainly used t vent 
carburizing of the web of gears wih n the 
teeth are hardened. The gear blanks are 
plated with at least 0.0005 in. of copper 
before the teeth are cut. Gas carburizing 
is used and the work is then annealed and 
tempered. 

Tin coatings are used to protect areas 
from nitriding. Since the nitriding is done 
at 975° F.—which is above the melting 
point of tin—only thin tin coatings (about 
0.0003 in.) can be used, as the thicker 
ones flow onto an adjacent steel surface. 

Cadmium coatings are used for protection 
against rust. Threaded parts are given 
0.0002-0.0003 in. and exposed parts a mint 
mum of 0.0005 in. 

Silver is used as a bearing metal by de- 
positing heavy coatings on a stainless steel 
backing. Chromium coatings are used 
where hardness and abrasion resistance 1s 
required and for building up worn tools 
and machine parts. Lead is deposited from 
a fluoborate bath on the inside diameters of 
bushings and bearings. : 

Beasing metals are corroded by acids 
either present in or formed from motor 
oils. A small percentage of indium (0.2: 
4.0%) diffused into the bearing metal 
greatly decreases corrosion. Bearing sur- 
faces are prepared by first plating the shell 
with lead and then with indium equal to 
4% of the weight of lead. The indium 
is diffused into the lead by heating at 340 
F. for 2 hrs. The indium is plated from 
a cyanide bath, but it is believed that 


the acid sulphate bath has some oa 
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Tool heat treating 
furnace with * 
Spencer Turbo. 


AMERICAN 
GAS FURNACE 
COMPANY 


tool 
» steels 


Volume production finds science 
and industry ready with cutting 
tools of highly alloyed materials 
with varying hardness and tough- 
ness—workable and obtainable at 

a comparatively low cost. 
a However, to attain a uniformly 
a | austenitic condition during treat- 
{ Tee Lila EB a } J ment and a martensitic structure 
‘ my ey. Sie “ae & im ~=—s in the finished tool may require a 
: : Mog dozen delicate heat treating oper- 
ations under close temperature 
and atmospheric control. 
Greatly improved forging, an- 
nealing, preheating, hardening, 
quenching and tempering furnaces 
are speeding up the production of 
quality cutting tools on a quantity 
schedule. A few examples are 
shown on this page. 


Car-type anneal- ~~~. 

ing furnace for 

tool steel. 
PENNSYLVANIA 


INDUSTRIAL 
ENGINEERS 








Cofitinuous furnace 
using Char-Mo atmos- 
pher@ for brazing car- 
bide éutting tools. 
7 SURFACE 


COMBUSTION gas 
CORPORATION 


IMPROVED CUTTING TOOLS ARE DE- 
VELOPED IN IMPROVED FURNACES 


Ask your furnace manufacturer what 
modern heat treating equipment can do 
to speed up your plant. 


Heating for forging = 
cylinders, 


THE ELECTRIC 
FURNACE 
COMPANY 





From the making of tool 
steels to final tempering, you 
will find Spencer Turbo- 
Compressors on oil- and 
gas-fired equipment all 
along the line. Your furnace 
manufacturer will tell you 
why. The Spencer Turbo- 
Compressor Data Book No. 
107 is yours for the asking. 
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Electric Metallizing Gun 


Tue Merat Sprayinc Process (“Ein 

Beitrag zur Kenntnis des Metallspritz- 

verfahrens’) M. U. Scnoop. Giesserei, 

Vol. 28, Jan. 10, 1941, pp. 9-10. 
Descriptive. 


An improvement in the electric gun, 
which now operates 3-4 times as fast as 
the gas gun in spraying zinc or aluminum 
and 9-10 times in spraying high-melting 
metals, is described. 

The electrodes for forming the arc are 
about 0.06 in. diam. The voltage is 50 v., 
which drops to 30-35 v. for 300 amp. 
when the electrodes are closed in starting. 
The air current blowing against the arc 
can have a pressure of 8-10 atm. without 
disrupting the arc. Although the tempera 


ture of the arc is extremely high, the 
evaporation of the easily melting metals 
is not excessive. The whole gun weighs 
2.5 lbs. and is made mainly of magnesium 
alloy. 

The electric gun is said to be particu- 
larly suitable for metallizing dies and molds 
for rubber, bakelite, porcelain and other 
materials. The gas components of the air 
must be considered highly active in the 
atmosphere of the electric arc, hence the 
use of inert or reducing gases is recom- 
mended. A film made of ordinary iron 
wire is highly rust-resistant, apparently be- 
cause of nitriding by the nitrogen of the 
air. The hardness increased 200%, and 
no shrinkage of the sprayed material took 
place. 

By using electrodes of copper or alumi 








... cut grinding and finishing costs 


Surveys among users of Murex electrodes show that 
one of the reasons for Murex preference is their ability 
to produce smooth, good looking welds on machine 
tool frames, domestic appliances, and other equipment 
where appearance is an important factor. 


For instance, a report on the use of Murex for corner 
welds on bases of hydraulic presses reads, “The 
welders have become so expert in producing a smooth, 
well crowned bead with Genex that very little grinding 
is required for a smoothly finished, perfectly rounded 


corner.” 


There are many ways in which Metal & Thermit engi- 
neers can help you improve welding technique, in- 
crease production and cut welding cost. Demonstra- 


tions gladly arranged. 


UREX 


AEE 
COATED 





ELECTRODES 


METAL & THERMIT CORPORATION + 120 BROADWAY, NEW YORK 
ALBANY « CHICAGO « PITTSBURGH « SO. SAN FRANCISCO + TORONTO 
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num, bronze and other alloys sprays can be 
produced, as can chromium-nickel steel or 
molybdenum steels, using these materials 
as electrodes. The metal-sprayed film has 
a better adhesion, it is claimed, than one 
produced with the gas-operated metal-spray 
gun. Ha (2) 


Abrasive Cutting 


“CuTTING WITH ABRASIVES.” R. R. 
WIESE. American Machinist, Vol. 85, 
Feb. 19, 1941, pp. 97-100. Practical. 


Steel bars as large as 6 in. round can 
now be cut with abrasive wheels. Dry 
cutting is used for high production where 
fine finish is not important. Excessive 
heating will cause discoloration and possibly 
surface hardening, and this tendency can be 
reduced by changing the wheel to one with 
a more brittle grain, a softer grade, or a 
more open grain structure. 

Correct speed is very essential. In wet 
cutting, lower speeds can be used with 
cleaner cuts and reduced wheel wear. 
Lower-cost rubber-bonded wheels can also 
be used. The coolant may be water, mild 
soda solution, or, for ductile metals, a light 
mineral oil. Submerged cutting is best for 
heat-sensitive steels, thin-wall copper tub- 
ing, plastics, and any application where 
temperature must be kept low. Rubber. 
bonded wheels are usually used. 

Alumina is the most common abrasive, 
and, if the proper grain size is used, it 
can cut everything from aluminum to tung- 
sten. Silicon carbide is better, however, 
for cast iron, copper tubing, pure copper 
slabs, hard rubber, plastics, and porcel. in. 
Diamond grains are required for very | ard 
materials such as sintered carbides. 

Shellac-bonded wheels are useful for 
cutting tool steels in the tool room. R¢ ;in- 
oid bonds are generally used for dry « ut- 
ting, while rubber-bonded wheels are : sed 
for wet cutting. The coarsest grit and the 
hardest grade wheel give the maxin.um 
wheel life. The rate of feed has an im- 
portant bearing on the wheel life. De- 
tailed recommendations are given for proper 
wheels for cutting all types of metals and 
alloys. JZB (2) 


Gas-Heat for Baking Finishes 


“Gas Fuet For SwHort-CycLte Curine 

oF INDUSTRIAL FiNtsHEs.” Cart P 

Mann (Selas Co.) Paper, Am. Ga 

Assoc., Mar. 1941, 5 mimeographed py 
Descriptive. 


It is claimed that gas fuel possesses un- 
usual advantages over other means of heat- 
ing for the short-cycle curing of industrial 
finishes. The facts presented in the paper 
apply only to polymerizing finishes, as oxi- 
dizing and volatilizing finishes are not 
suited to short-cycle curing—curing times 
of less than 30 min. 

The cardinal point to be kept in mind 
in all consideration of curing finishes 1s 
that curing is directly dependent on _heat- 
ing the work piece, and only in the degree 
that any curing process accomplishes this, 
will the process be successful. Gas fuel 
may be applied in the form of convec 
tion heating, infra-red ray radiant heating, 
or by a combination of both. 

Irfegularity of shape has no influence on 
convection heating, but in radiant oe 
it is important that no part of the wor 
pieces cast a shadow over a finished patt. 
It is of equal importance that the says 
strike all finished surfaces at approximately 
the same distance from the radiant source, 
as the effectiveness of infra-red rays 3 
very much influenced by the distance be- 
tween the work piece and the energy source. 

If radiant sources are located beneath the 
work piece in order to minimize the shadow 
effect, their effectiveness may be decr 
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TUNGSTEN or NO TUNGSTEN 


PRODUCTION CAN GO ON 
UNABATED 


The Tungsten shortage need not delay pro- 
duction. For conservation without depri- 


vation, for higher cutting quality and lower 
cost, consider 


O-MA 


MOLYBDENUM TUNGSTEN HIGH SPEED STEEL 


Its unique advantages include eight years 
of successful use, the most sources of sup- 
ply, the broadest usefulness, the lowest 
percentage of imported elements, the best 
machinability, the highest cutting quality 
—all this and lowest cost too. 


Leading steel companies have been 
licensed to produce their own brands of 
MoO-MAX Steel under patents owned by 
The Cleveland Twist Drill Co. 


ee are Pe eed 
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due to dripping. Also, the effectiveness of pacity of such an installation is compared 


infra-red ray lamps, but not radiant gas with that of convection heating, we uncover 
burners, will be decreased by the vapori startling’ facts. On the basis of the same 
zation and condensation of solvents on the length of oven, an infra-red ray lamp in- 
lamps and reflectors. Convection heating stallation (using 375-watt lamps, and no 
is entirely free of these disadvantages. preheat) producing 253 pieces/hr. will, if 
Polished or unpolished metal surfaces converted to convection heating (circulat- 
under finishes do not affect curing time ing air at 400° F. and allowing a 1-min 
with convection heating, but in the case creheat) produce at the rate of 1480 pieces 
of radiant heating a polished surface will hr., or nearly 6 times that of the infra-red 
require approximately 20% more time for ray lamps Furthermore, if radiant gas 
curing than an unpolished surface. If radi burners are used without the interposition 
ant gas burners are used, and if infra red of glass barriers, this rate of production 
ray lamps are used the increase in curing will be 2260 pieces/hr. without any pre- 
time may vary from 9% to 45%, depend heating period. 
ing on the type and color of finish. The data developed point toward a com- 
Infra-red ray lamp installations are less bination of radiant heating from gas burn- 
expensive and somewhat less complicated ers with convection heating. By circulat- 
n operation; but when the production ca ing the products of combustion given off 
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able proof of high quality 
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all conditions. But, more than that ... this famous 
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by the radiant burners within the oven. 
the curing effect of this circulated air 1S 
added to the unshielded radiant heat from 
the burners themselves, which combination 
should give a very compact and efficient 
curing installation FPP (2) 


Flame Machining 


““FLAMI MACHINING CONTRO! AN 

AppLicaTions.’” G. L. Waker & W 

G. SYLVESTER (Air Reduction Sales Co.) 

Welding J.. N. Y., Vol. 20, Feb. 1941. 
pp. 91-100 Investigation 


The various flame machining processes 
as commercially used are classified as (a) 
flame planing for surfacing, deseaming or 
gouging operations; (b) flame turning for 
rough machining or grooving operations. 
and (c) flame drilling. The classification 
is based on the relative motion between the 
flame machining tip and the work, (a) be. 
ing rectilinear, (b) curvilinear and (c) 
axial. 

In order to specify proper procedures for 
a given operation, it is mecessary to de- 
termine the interrelation of the tip size, 
pre-heat intensity, oxygen pressure, speed 


of traverse and angle of tip relative to the 
work piece. The velocity of the oxygen 
stream and pre-heat intensity can be suit. 
ably controlled through proper functional 
design of the flame machining tip ata 


are presented in mumerous curves and 
illustrations showing the effects of v.:ying 
these interrelated operating variables 

The authors’ work in determinin. the 


contours of grooves for a wide varity of 
settings has made it possible to form 
grooved surfaces with a maximum va: tion 


of 1/64 in. for any one dimension, an | this 
performance can be repeatedly main: ined. 
The necessary operating conditions «in be 
selected from the graphical data to pr duce 
grooves varying from deep and rel: ‘ively 
narrow to shallow and relatively wi 

The applications for the flame gr: ving 
process are for preparation of plate cdges 
for welding after flame cutting to siz: ; for 


rough machining; for removal of surface 
defects ¥g to Y) in. deep in one pass: and 
for removal of sub-surface defects in welds 
and castings (as revealed by X-ray) by one 


or more passes of flame gouging with a 
groove sufficiently wide to make re weld- 
ing easily possible. 

The grooving process is unlike chipping 
and grinding procedures in that the re- 
moval of unsound metal is assured, since 
defects and cracks are clearly visible as 
contrasting dark spots or lines respectively, 
in the reaction zone. The more expensive 
U and J grooves machined on plate edges 
for welds in thick plates are easily pre 
pared by flame grooving. WB (2) 


Electrodeposited Zinc Coatings 


CoMMON FFATURES AND PECULIARITIES 
or DirrerRent Exvectroitytic Zinc COAT 
incs (“Gemeinsames und _  Besonder- 
heiten verschiedener galvanischer Zink 
fberziige”) Herttmut Fiscner & HILDE 
GARD BARMANN. Z. Metallkunde, Vol. 
32, Nov. 1940, pp. 376-383. Original 
research. 


The velocity of solution of electro- 
deposited zinc coatings in N HCl and 3% 
NaCl solution shows differences for coat- 
ings made from different electrolytes, de- 
pending on whether they are freshly ma 
or used for some time. Particularly great 
differences were noticed with alkaline elec- 
trolytes used for bright zinc plating. After 
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all electrolytes have been used for some 
time, the same dissolution speeds during 
corrosion of their products are obtained, 
irrespective of how the zinc deposits were 


tools, gas carburizing of light armor, heat 
treatment of aircraft engine cylinders, air- 
craft tubing, propellers, etc., although all 
are properly gas-fired operations and are 
important in the Defense Program. 


diameter of the furnace casing is 23 ft. The 
rotating hearth is 3 ft. wide with a mean 
diameter of about 17 ft. The hearth 1s 
built up of fre brick piers, capped with 


made. alley plates. This furnace has a capacity of 
The resistance to tarnishing of bright zinc The general types of furnaces listed 8000 Ibs./hr. of either shells or airplane 


| trodeposits is greater than that of dull are projectile furnaces, shell case or cart- engine cylinders and a temperature range 
€ ec OC « . ‘ 





. ~~ - P : ‘ + ye a > : aces y ar . - ni: S. 800 - 800 > 
deposits The lustre of bright zinc coat- ridge _ Case Turnaces, gun barrel turn ice from F. to 1s F. ; : 
; however could not be reserved by anda furnaces tor gun mounts, carriages, The furnace 1s direct fired. over and under, 
7S. ‘ 4 I , > S . . 
es ver coatings in lo g-time salt w iter etc, Projectile furnaces are for forging, with high pressure gas burners. and tor the 
acque ‘ n < ‘ Z d 


nosing, normalizing, hardening and draw- lower temperature ranges, the Conjecto 
ing. Shell case furnaces are annealing method of firing [See METALS AND ALLoys, 
furnaces. Gun barrels must be heated for Vol. 11, June, 1940, p. MA323} for temper- 
forging, quenching, drawing and _ stress ature uniformity. One interesting feature 
relieving. Most of the furnaces for gun of this furnace is the elimination of seals 
mounts are for stress relief of welds. The furnace pressure in the three 

One furnace for forging or heat treating 
of 5 in. shells is described. The outside 


spray tests By giving zinc coatings addi- 
tional chromate films, resistance towards 
the corrosive effect of evaporations, mostly 
moist ammonia, from artificial resin ma- 
terials could be insured. 

zones 15S 


b sictures show more or less dis- 
Debye pictu . " automatically controlled and there is no 


tinct fibre textures in coatings obtained in 


alkaline electrolytes, but chaotic crystal apparent leakage of air into the furnace 
orientation preva‘ls in 1 ones. Bright 
zinc coatings < pact rly fine-grained, 
although the gzc'n s.ze is not smaller than 
the length of light waves. The bright 


lustre must thus be explained on the basis 
of a well-developed texture. 

Coatings deposited from acid electrolytes 
have the coarsest grain. Zinc coatings show 
no tendency toward recrystallization at 
room temperature or up to 660° F. Deep 
drawit tests (Erichsen) showed more 
ductile bright zinc coatings obtained in acid 


soluti than in alkaline electrolytes; on 
the other hand, the latter furnished less Oo 
poro tings than the former under 
identi onditions of deposition. W ith in- ° 
creas irrent densities, the porosity of Ww th sn at 
. / 
the : oatings deposited in acid baths U 



















decrea 

Gal zing steel in alkaline baths re- Well illustrated by this strand anneal- and other furnace uses...also for air- 
sults ydrogen embrittlement, which is ing furnace is the excellent heat resist- plane exhaust manifolds. 
masa peg in acid ge reyes Ro 9 ance of Inconel. Full information in Bulletin C-8, 
a the zinc coating, the embrittie In 4%” to %” tubes of this alloy, a High Temperature uses of Monel, 
ment sts for some time and gradually uci “ger boa ea GRE a aca a 

r . > . ‘ : > > s "kel ¢ ‘oO ai. ‘ ¢ 7 2. 
cate wing to hydrogen diffusion, un- reducing atmosphere of hydr« 4" s ~ - aap e copy 0 
til tl ling value of the uncoated ma- maintained. Long lengths of wire from this bulletin address: 
terial nally recovered. The embrittle- reels are run through the tubes, tem- 
ment zalvanized samples does not de- peratures running to 2100° F THE INTERNATIONAL 
crease room temperature, but may be Even in this severe service, Inconel 
pa w heating to $75° F t “= sncone’ NICKEL COMPANY, INC. 
wou? resists flaking and spalling, gives ex- 67 Wall St.. New York, N Y 

A method of testing the porosity ceptionally long service ...in this par- "7 ania 
le zinc coatings consists Of Ca- ticular instance two years, and still good 
thodi ging with hydrogen followed by ; 

let ¢ or more. 
a de ation of the number of bend- ’ 
ings EF (2) Because of Inconel’s unusual heat- 


resisting properties, this 80% Nickel, 

14% chromium alloy is used for car- 

burizing boxes, nitriding containers, 
o es o 

Strand annealing furnace equipped with In- 


conel tubes used in the annealing of ferrous 
and nonferrous alloy wire, at the plant of the 


Gas Furnaces for Shells and Guns 


~" GAS IN THE PRODUCTION of 





Mun NS, PARTICULARLY SHELLS AND Alloy Metal Wire Co., Prospect Park, Pa. 
GUN R AERIAL WarFARE.”” F. Coce- 
MAN STARR (Surface Combustion Corp.) 
Paps im. Gas Assoc., Mar. 1941, 6 


meographed pp. Survey. 





A partial list of the operations carried 


Out in gas-fired furnaces now in use or ADVANTAGES 

being built for armament production is OF INCONEL AT HIGH TEMPERATURES 
Siven, and one or two individual furnaces, ] Maintains high stre 

interesting as representing certain types tility. neth and duc- 


6 Makes ducti! 


of operation, are discussed. inter-granu] 


e welds, not subj 

y ject to 
Very resistant ar deterioratj 
- , 3 to oxidati , ion. 
The list does not apply entirely to am- adherent, does not r fly Oxide 


: . eadily scale off 
munition for anti-aircraft guns nor to . 
the guns themselves. A shell or shell-case 


Free from excess 
ing sudden tera 
due to low coe 


ve distortion dur- 


3 Resistant to carburi Perature changes, 


zation. 














ficient of th 
Neier : : expansion. ermal 
Or a 5 in. anti-aircraft gun might de- 4 Resistant to the effects of nitriding ‘ 
mand the same heat treatment and same ; Readi 
furnace Resi eadily formed into 
€ cquipment as 5 in. secondary bat- 5 nenistant to hydrogen, cracked shapes. complicated 
. a . re i o , am.- 
tery ammunition for a battleship. A 3.7 in. iibetae and other Protective atmes- Mi 
of 4.5 in. anti-aircraft gun might take the Q Mill forms and weldin d 
same able from mil] & rod avail- 
same furnaces as an anti-tank gun. ‘ ~ Socks, 
7 : “ c . _— oe 
ye list does cover furnaces designed — 
0 . , - = 
ch pen or under construction for guns, ‘ Inconel fe a registered trade-mark of The Inter- . — 
: . r . . t k 5 f ee < is lied 
e and shell cases of 5 in. caliber and to a Nickel alloy poo om — CF ‘aparonionatery 4 \ per 
the smal] : ; cent nickel, with additions of chromium and iren 
aller sizes. It does not include some 


7 other very important industrial gas 
PPlications such as heat treatment of 











nor outward flow of gases, either at the German High-Speed Steels 
full firing rate or when holding. 

A typical heat treating set up for gun 
barrels is described. The gun barrels, : ’ Cr Ww Co |Hardening, °F. | Tempering, °F 
for anti-aircraft guns, are from 3 in. to 
5 in. caliber and are forged from blanks Before 4 18 + 2340-2375 1040-1075 

: 1938 3 4.5 14 a 2280-2340 { . { 
and rough-machined before the quench- ; 4 a ; 3340-2440 1075-1110 
ing operation S 





Composition Heat Treatment 


The quenching furnace is a_ vertical ) 2 . _ lat oot one sae 
pit type unit from 25 ft. to 30 ft. deep e+ : 3 3265-23: 1025-1075 
ind about 9 ft. inside diameter. The gun 
barrels, singly or in groups of 2, 3 or 4, 1939/1940 
are hung from a special fitting or spider 1940 5 au 50-2. 985-1025 
This may be handled with the furnace 1.3 3 .25 > 1000-1025 
cover or separately, as desired The fur- 
nace is direct-fired with either high or low 
ng burners, which are applied to zation, decarburization, etc. Alkaline baths the carbon. The choice is thus between 
Aietril * rn maggerng ?- a pre (barium chloride, say) attack the iron, decarburization on one hand and corrosion 
mstripbution ert ire at east 5 an 


1000-1040 











i 


. while acid baths (such as borax) react with on the other EF (2a) 
preterably 4 vertical zones of control 


After quenching, the gun barrels are 
lowered into a draw furnace, usually pit 
type, and in some instances the same furn- 
ice is used for drawing and quenching 
While this can be done, it is obvious that 
at the usual draw temperatures a direct- 
fired unit is not as efficient as the convec- 
tion type nor can the same uniformity of 
temperature be obtained 

After drawing and finish machining, the 
gun barrels are then stress relieved in a low 
temperature convection furnace This is 
usually a car type or horizontal batch type 
furnace because, at the temperatures in 
volved, the gun barrel may be supported 
horizontally without fear of bending. (2) 


{ # Ferrous 
Heat Treating High-Speed Steels 2 
HEAT PREATMENT O: Hi1GcH-SPeep with 
STEEI Low 


s IN StTrRAtTecic [Non-GEr- 
MAN] Attoy Appitions (“Zur Warme- 


behandlung von sparstoffarmen Schnell- 
stahlen’’) R. Vorcerin. Tech. Zentralbl. 
prakt. Metallbearbeitung, Vol. 50, Sept. 


1940, pp. 457-460. Practical. 275° F. is 1200° F. 
The Table shows the high-speed steels Despatch convected air Conveyor 
most commonly used in Germany at differ Type Furnaces are used in air- 
. , 1 tl t ; heat treat craft production because they 
mae ntting: < igipppaibr esas are SPEEDY and RELIA®3LE. 
per Despatch Engineering guar- 
; antees straight line con- 
) In comparison with the first 3—the se ntees straight line con; 
classical” high-speed steels—the second ’ on conveyor type, box 
set reveals a trend in 1938 to the replace- 


type or pot type mode 
: cte 
ment of tungsten by molybdenum, owing to Despatch Conve 


ecm Ax : : Air Furnaces offer ex- 
the “Far East situation During the fall . : | ceptional performance 
of 1939, the interruption of the supply : | 


for heat treating steel, 
; T " “4 . . st- 
of molybdenum from the United States stress relieving ca 


. ‘ Buc , ings and welded parts. 
necessitated a reversal of this trend, so t : Solution heat treat 
that at present German high-speed steels | : . | aluminum and mag- 
are likely to run toward high-tungsten : cae Giesahenie oa 
rather than high-molybdenum. os A wa } magnesium castings, 

Steels low in tungsten are much more tubing, sheets, 
sensitive to hardening temperature. As shapes, pre-hesting, 

; aluminum forging 
shown by the table, the hardening tempera- billets. 
ture and also the thermal stability increases ‘ 
with the tungsten content. 

A drastic improvement of the cutting 
capacity of the mew steels has been 
achieved by forging from all 3 sides, re- 
sulting in uniformly large and well-distrib- 
uted carbides. The forgings should cool 
in baskets suspended in the air, followed 
by stress-relief annealing at 1100° F. and 
air-cooling. 


A set of 5 micrographs show the effect Despatch Conveyor Type Furnace used in Write Today 


of quenching from different temperatures manufacturing aircraft engine parts. for Bulletin No. 81-E 
between 2175° and 2390° F. on 3 modern 


high-speed steels, in comparison with 18-4- 


1. The former show a tendency toward 0 V f n 
grain growth and more pronounced solu- 
tion of carbides compared with the latter; q | V 
the new steels thus require more uniform ( 0 AL P 
heating and accurate heat treatment. 
The new steels also display a greater mM | | n 7 fi P 0 L | . Mm | f f t 4 0 T A 
tendency toward surface defects, carburi- ; 
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fe free from service and minimum load 


anda power 


PAGE HI-TENSILE “F” ELECTRODES 


again help make a tetter product 
—LIGHTER and STRONGER 


The 23-foot boom of this Marion Shovel is welded because Mario: 
Engineers fin welded boom to be stronger, longer lasting and 


lighter in weigh ualities. that are mighty important to thi 


shovel | pel 
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trodes in this operation—permitting excellent speed with a mini 
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Get this Free Booklet 


good welders want to mark their work. 
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will find it: worthwhile to ask your local PAGE Dis 
) give you the facts about PAGE HI-TENSILE ‘“‘F”’—shield 


1 j . , ‘ . ’ ‘ . 
electrodes for horizontal. vertical or overhead welding. 


JANG IES aN WELDING ELECTRODES 


PAGE STEEL AND WIRE DIVISION * MONESSEN, PENNSYLVANIA 
Le aa Secchi iS See | 


AMERICAN CHAIN & CABLE COMPANY, Inc. \ 








MAY, 1941 

















r 


LOWER CONTACT RESISTANCE 
of this Rétary Selector Switch 


MORE ACCURATE READINGS 
on Thermocouple Installations 


* The silver plated, hand drawn brass 
points and phosphor bronze blades of 
the Lewis Rotary Selector Switch as- 
sures the low contact resistance essen- 
tial to more accurate readings of the 
minute voltages inherent in thermo- 
couple applications . . . All switches 
have an “off” position to permit zero 
adjustment without disconnection of the 
thermocouple. 


Standard switches can be furnished 
with any number of contact points from 
two to twenty-eight. 
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NAUGATUCK CONNECTICUT ‘2% 
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1850° to 2450°F Without 


Blower or Compressed Air 


AKER small gas fired furnaces prove that high 
temperatures can be obtained without blower or 
compressed air. Noiseless. Easy to install. Economi- 
cal. There are Baker furnaces for tool rooms, for 


treatment of high speed steel and a hydrogen furnace 


L 


for bright annealing, 
brazing and soldering 











without flux. Send for 





catalogue. 
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Performance of Welding Electrodes 


“EVALUATING WELDING - ELECTRODEs.” 

JoserpH A. Duma (Norfolk Navy Yard) 

J. Am. Soc. Naval Engrs., Vol. 53 Feb.. 
1941, pp. 65-75. Research report. 


Data are collected for the physical and 
chemical properties of 10 commercially- 
used electrodes to evolve a quantitative 
method of evaluating electrode qualities, 
What is most needed is a formula for rela. 
tively grading electrode performance under 
conditions of varying skill. The data are 
tabulated in detail for chemistry of core 
wire for 5/32 in. diameter electrode, micro. 
graphs of typical inclusions, cold worked 
base metal, McQuaid Ehn structures, et 

The physicals noted for the 10 electrode 
coatings are (with max.-min. values) 
thickness differences, 0.031-0.018 in C- 
centricity, 0.005-0.001 in.; weight, in grams 
per linear in., 0.593-0.209; weight oq of 
core, 24.1-8.5% ; number of rods in 50 Ibs, 
607-540; shear value as received, 2200-633 
lbs./in.*; shear value for the used upper 
half, 2200-1140 Ibs. in.”: bend test lues 
around a 2 in. pin, 13°-8° bend to crack- 
ing; bend test values to flaking, 120°-45°, 

Chemical analyses for Al, FeO, MnO, 
TiO., CaO, MgO, CO, Na:O, SiO, gave 
interesting results. Aluminum ranged from 
1.35 to 0.16%, while one coating had 


only a trace. The TiO, content ranged from 
20.46 to 5.34% and NaSiO; from 35.78 to 
16.34%. From the chemical tests tl lec- 
trodes are classified as (a) gas-shield:d or 
(b) slag-shielded with 8 electrod:s in 


the first classification, 2 being hig! TiO, 
types. 


Of the two slag-shielded electrod one 


was a high-manganese type and the other 
high iron oxide. Slag properties arc tabu- 
lated in terms of weight of slag, flux. slag 
per gram of flux (ranges from 1.5 to 


1.08), slag density, fluidity and color, per 
cent composition as SiOz, FeO, AlsO., Tis, 
CaO, MgO and MnO. The base-':-acid 
ratio (calculated as the summation f the 
Fe, Mn, Ca, Mg, Ti oxides as against the 
SiO, + AIO; total) ranges from 2 to 
1.3. 

Welding tests were carried out the 
vertical position since this is the position 
in which it is most difficult to obtain a 
sound, ductile weld. Welds were analyzed 
chemically and tested for tensile strength, 
yield point, elongation, Izod impact, spe- 
cific gravity, number of “bird eyes’’ (fish- 
eyes, flakes, etc.), and per cent of weld- 
metal recrystallized. Information is pro- 
vided as to arc and deposition characteris- 
tics and a merit factor or performance value 
for 3 different methods of calculating the 
factor is offered. 


A relationship was found between elec- 
trode-slag and number of bird-eyes, since 
the basic slags tend to produce flaky or 
bird-eye deposits to a greater extent than 
acid slags. Thick slags from slag-shielded 
electrodes produce deposits nearly free from 
bird-eyes. Aging after machining of ten- 
sile specimens of weld metal resulted in 
a slight increase in ductility of 6 spect- 
mens and decrease of 4 specimens. 

Only 4 out of a total of 40 specimens 
passed the Navy requirement of 22% min. 
elongation; the 2 slag-shielded electrodes 
gave these 4 acceptable specimens. The 
author says that “failure to meet ductility 
requirements is traceable to too-thick-layer 
deposits’ (as shown in data on the extent 
of recrystallized metal in the weld) “to 
hindered contraction and shrinkage stresses 
resulting from the fixity of the joint, ao 
to the presence of the defect ‘bird eyes 
the fractured weld-metal—the last defect @ 
product of hydrogen embrittlement.” By 
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THE 
HARD WAY? 





@ The new heat-treating problem you're 
facing may find its solution right in 
your own shop, using your present 
equipment, if you have a good salt 
bath furnace. 


Because salt baths, too, have kept 
pace with the heat-treating industry's 
developments, there’s hardly a process 
where the liquid salt bath won't prove 
more flexible, more sure of uniform 
results and more economical, than any 
method requiring large capital invest- 
ment. 


Straight-line production is no problem 
today to the salt bath. There are now 
in operaticn completely mechanized 
units, where parts are _ processed 
through baths on a pre-arranged time 
cycle, by means of fully automatic 
equipment. 


So whether you temper, harden, re- 
heat, carburize, or use any one of a 
hundred methods of treating steel or 
non-ferrous metals—investigate heat- 
treating salts, rather than doing it 
“the hard way’ 
with enormous 
capital investment. 
You'll find the 
latest, purest, most 









economical liquid 
baths right here at 
Houghton’s — pio- 
neers for three 
generations in heat 
treatment of 
metals. Contact— 


E. F. HOUGHTON & CO. 


* PHILADELPHIA - 
CHICAGO 





OS 22 aR ae 
' 
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uniform, and most | 


DETROIT | 


employing « weaving procedure in welding 
it was possible more completely to heat 
treat the underlying deposit and increase 
the ductility for one of the electrodes to 
24-25%. 

Performance evaluation of the electrode is 
thus a summary of the ductility of the de- 
posit, workability of the electrode in 
sharply angular recesses, tensile strength of 
the deposit and excellence of its surface, 
and insensitivity to damaging effects of 
changing the current and voltage conditions 
during welding. Arc stability tests failed 
to show that aluminum and AI.O,; decrease 
the arc stability, as has been reported pre 
viously in the literature. WB (2a) 


Flame Hardening with Excess Oxygen 


FLAM HAR Ex: 


OXYGEN (“‘Autogen-Harter mit Sauer 
stoffiiberschuss) E. Zorn. Autogene 
Metalibearbeit., Vol. 34, Jan. 1, 1941, 


pp. 13-15. Investigation. 


A number of tests were made to ascertain 
the effect of excess oxygen in the oxyacety- 
lene hardening flame. It is shown that sav- 
ings of about 50% in fuel can be made in 
flame hardening if a flame with a large ex- 
cess of oxygen is used instead of the neu- 
tral flame. 

An excess of 75% seems to give the best 
hardening depth, but even higher excesses 
give good penetration. In order to utilize 
the high flame temperature and the heat of 
combustion of the acetylene flame to the 
best advantage, it is important to make the 
distance between the burner and the work 
piece equal to the length of the flame cone 


Ha (2a) 


Deep Carburizing in Salt Baths 


Deer CARBURIZATION OF 
MOLYBDENUM AND CHROMIUM-MANGa~- 
NESE CARBURIZING STEELS IN SALT 
Barus (‘‘Tiefzementieren von Chrom- 
Molybdan- und Chrom-mangan-Einsatz- 
stahlen in Salzbadern”) H. DierRGartTen. 
Stahl u. Eisen, Vol. 60, Nov. 14, 1940, 
Practical. 


CHROMIUM- 


pp. 1027-1035. 


By using cyanide-containing salt baths 
very uniform carburizing can be obtained at 
1650°-1700° F. However, on long-time 
carburizing of chromium-molybdenum and 
chromium-manganese steels in this way to 
produce 0.045-0.080 in. case depths, massive 
carbides form at the surface; this makes 
grinding difficult and does not give the 
required strength. 

After carburizing, however, if the ma- 
terial is annealed for 20 min. at 1780° F. 
in a neutral salt bath, the heavy carbides 
will be dissolved. The final surface hard- 
ness is not diminished by this treatment. 


baths. 


The remedy was to use baths free of 
moisture and hydrogen, and to slow-cool 


after carburizing and annealing. SE (2a) 


“Fish-Eyes” in Welds 


“Micro-FissurRInNG IN MULTIPLE-BEaAp 

Low-Carson Steet. Wevps.” Joun L. 

Mitter & Lewis R. Koyac (Ill. Inst. 

Tech.) Welding J., N. Y., Vol. 20, 

Feb. 1941, pp. 114s-119s. Research 
report. 


However, cracks occurred in this material, 
evidently flakes caused by hydrogen absorp- 
tion from the carburizing and annealing 


‘Fish-eyes,”’ ““bird-eyes,”’ “‘cat’s-eyes,”’ etc. 
| are microfissures in weld-metal that lower 
its tensile properties, especially ductility. 
| Plates of fire-box steel (0.17% C) were 
welded under various conditions and ex- 


DO IT THE 
EASY WAY ! 


A true carbon case in a liquid@ — 
bath — with a real saving in 
time and cost. For speedy heat 
treatment on a production basis 
.. . for shallow or deep cases 
(up to .050”, or more if de- 
sired) . . . for any size parts 
which your liquid bath can 
handle, you can profitably use— 


PERLITON 


Perliton is a rapid, controllable 
liquid carburizer used on a pro- 
duction basis in automotive and 
large metal - working plants. 
Faster production, more rapid 
penetration, uniform carbon 
case, longer pot-life, no objec- 
tionable fuming, lower cost per 
ton of steel . . . are all yours 
with Houghton’s PERLITON. 





Write for a ref- 
erence file copy 


of the booklet 
pictured at the 
right. It's yours 


for the asking! 





E. F. HOUGHTON & CO. 


PHILADELPHIA 


Chicago Detroit 





























amined metallographically in the as-welded 
and in the heat-treated conditions. 
Micro-fissures were found in welds made 
at O° F. for the entire series of multi-layers 
but none was found in welds started at 0° 
F. in which the interpass temperature was 
allowed to build up. The fissures were 
confined to recrystallized zones of weld 
metal and terminated abruptly at the junc- 
tion with the coarse-grained cast structure. 
Heat treatment at 1200° and 1700° F. did 
not affect the number or type of fissures. 
A second set of welds were made in 2 in. 
thick, hot-rolled mild steel. A standard 
electrode and a high-manganese electrode 
were employed for comparison, using 45 
passes per weld in order to give maximum 
recrystallized weld metal. Interpass tem- 
perature was 70°-130° F. for cast bead. 


er 
CHRO ME-IRO RO ME-NIC 


The welds were examined as-welded and 
after heating to 800°, 1200° and 1700° F. 
In every case in this second set micro- 
fissures were found. An automatically con- 
trolled weld was also made and found to 
contain regularly distributed, small micro- 
fissures. 

The stresses resulting from contraction 
of the weld on cooling are considered to 
be responsible for micro-fissuring as indi- 
cated by the absence of the phenomenon 
when the weld was made with increasing 
interpass temperature. The planes of the 
micro-fissures were perpendicular to the 
welding direction and appear to be inter- 
crystalline in nature. The authors believe 
the occurrence of recrystallization and of 
the stress cycle at the same time induce 
the intercrystalline rupture because of the 


by DURALOY 


are castings by 
EXPERIENCED and SKILLED FOUNDRYMEN 


several tons. 








Duraloy Foundrymen and Metallurgists grew up with this 
so-called high alloy business. Many of those who started 
with us in 1922 are with us today . . . and don’t let anyone 
tell you it doesn’t take special knowledge and skill to turn 
out sound chrome-iron and metal castings. 


Our services are complete—from aiding in the selection of 
the proper analysis to the finished casting, heat-treated and 
machined if necessary. Our facilities are flexible enough to 
turn out castings of less than a pound to those weighing 


Let us quote on your next casting inquiry. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 
EASTERN OFFICE: 12 EAST 41st St., NEW YORK, N. Y. 


Detroit Scranton, Pa. St. Louis 


The Duraloy Ce. of Detroit 


Coffin & Smith 


Metal Goods Cerporation 
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low cohesive strength of the grain boundar- 
ies at the high temperature. 

Hydrogen thus cannot be the sole or 
primary cause of micro-fissuring (as main- 
tained by Zapffe and Sims—see METALS 
AND ALLoys, Feb. 1941, p. 206) since 
actual failures should then be developed 
most readily at the lowest temperatures and 
be therefore transcrystalline, distributed 
alike throughout fine- and coarse-grained 
weld metal. 

The conclusions are that thermal gradi- 
ents, and allotropy involving the simul- 
taneous formation of ferrite and austenite 
(of different plasticity), account for fis. 
sures and intercrystalline fracturing. Im- 
purities at the grain boundaries and non- 
metallics are sometimes associated with the 
fissures WB (2a) 


Brazed Joints in Steel 


“THe EFFECT OF THE PHYSICAL Start; 

oF STEEL UPON THE TENSILE STRENGTH 

oF Brazep Joints.” F. C. Kerry 

(Gen. Electric Co.) Welding J., N. Y., 

Vol. 20, Feb. 1941, pp. 96s-102s 
Research. 


The type and composition of steel being 
brazed has considerable influence on the 
strength of the joints. Various stecls— 
low-carbon, cold-drawn Bessemer stock; 
0.35% C; 314% Ni steel; drill rod, «tc — 
were given various heat treatments before 


brazing; tensile tests were made o: the 
material after heat treatment and afte: braz- 
ing. 


Stress-strain curves of brazed joints of 
Bessemer cold-drawn steel variously heat- 
treated approximated the shape of s :nilar 
curves for the unbrazed material; th. ten- 
sile strength, yield point and propor: ional 
limit are slightly lower than for un! razed 
steels. Per cent elongation and rec ction 
in area are very much less than t! lat- 
ter. The strongest joints were th se in 
which the copper did not pull ou: the 
grains of steel in rupturing. 

Brazing of 0.35% C steel in pure dry 
hydrogen was unsuccessful—a resul that 
does not check with commercial experience; 
in industrial practice the surface of ‘35% 
C steel is oxidized, removing the carbon 
therefrom, and the oxide is subsequently 
reduced to iron, which is the ideal surface 
for copper to wet. However, after decar- 
burizing the surface with wet hydrogen and 
hydrogen-oxygen mixtures, the steel was 
successfully brazed. Very similar results 
were obtained for the physical properties of 
blank and brazed specimens. The drill 
rod and 314% Ni steels were successfully 
brazed after a similar decarburizing treat- 
ment. 

A saturated solution of nickel nitrate 
[Ni(NOs)2} in water may be applied to 
the hot surface of decarburized steel, and 
this, during heating, oxidizes the iron suf- 
face and leaves nickel oxide in finely di- 
vided form over the surface. Nickel oxide 
is easily reduced to nickel by hydrogen 
at 400°-575° F. and catalyzes the reduction 
of iron oxides and removal of carbon. Wet- 
ting of the surface is greatly facilitated by 
this procedure and the physical properties 
of the resulting brazed joints are high. 

WB (2a) 


Cemented Carbides for Cutting Tools 


PROPERTIES OF SINTERED CARBIDES AND 
Tuer RELATION TO WeEaR RESISTANCE 
(“Eigenschaften von Hartmetallegierun- 
gen und ihr Zusammenhang mit der 
Verschleissfestigkeit’’) WaLteR DAWIHL. 
Z. Metallkunde, Vol. 32, Sept. 1940, 
pp. 320-325; discussion p. 326, Re 
search. 


Cemented tungsten carbides show a vast 
superiority over high-speed steels in ma 
chining gray cast iron, but this superiority 


METALS AND ALLOYS 








: 


Ive 


i. <a SS Cee FO oes 6 Mw! ee 















OOF... ENDOGAS | 


HARDENS EVEN S.A. E. 







1095 


WITH NO DECARBURIZATION 
































ENDOGAS SCALE-FREE 
HARDENING SHOWS NO 
“DECARB” OF S.A.E. 1095 
This micro-photograph 
proves conclusively that no 
decarburization takes place 
when S.A.E. 1095 steel is 
scale-free hardened in the 
Westinghouse ENDOGAS 
atmosphere. Treatment was 
for one hour at 1500° F. 


am 


... YET ORDINARY SCALE- 
FREE HARDENING DECAR- 
BURIZES TO .005 INCH 


This is what happened to 
the same steel—S.A.E.1095 
—when hardened for the 
same period, at the same 
temperature, in an ordinary 
scale-free gas atmosphere. 
Upper white portion reveals 
decarburization to approxi- 
mately .005”’. 














S.A. E. 1095 is just one of many steels considered 
difficult to treat, which ENDOGAS hardens without 
a trace of decarburization. Yet ENDOGAS is not 
expensive—is easily obtained using either natural 
or manufactured city gas as a base. Costly driers 


and CO, removal equipment are not required. 
J-10199 


Complete technical data is now available on how 
to apply this low cost method of hardening and 
annealing under production conditions. Write for it 
today. } 








WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY 
DEPT. 7-N EAST PITTSBURGH, PA. 
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is much less conspicuous when machining 
steels. The addition of titanium carbides to 
tungsten carbides has increased the wear 
resistance for steel-cutting applications. As 
no plausible explanations have been offered 
for the difference in behavior of cemented 
carbides towards cast iron on one hand 


and steel on the other, the author studied 
the behavior of tungsten carbides with and 
without titanium carbide 

Gray cast iron of 200 Brinell hardness 
ind steels of 78.000 and 135.000 Ibs 
in. tensile strength were used. The tool 
wear ovet great range of cutting speeds 
was experimentally determined These 
stand-ut (Standzeiten) curves in- 
licate that the wear is not purely a matte 
t brasion, as shorter tool lives 


bad 
A 
w, ry 


may be obtained at lower cutting speeds 
than at higher. 

Tests showed that the tungsten carbide 
tool containing no titanium carbide has a 
higher bending strength, thermal  con- 
ductivity and resistance to high-frequency 
vibrations. No differences in the strength 
at 1100°-1300° F. were found between both 
kinds of sintered carbides; however, the 
scaling losses at 1100°-1650° F. were re- 
duced to 4-24 of their original values by 
adding titanium carbide to tungsten carbide 

Steel cubes free from oxide were pressed 
against both types of carbide faces at ele 
vated temperature in hydrogen. Higher 
temperatures are required to form a ‘weld 
with cemented carbide cubes containing 
titanium carbide; or, at the same tempera- 


HOBBING GEARS 


TO MEET TOUGH 


cxcgy SPECIFICATIONS . . 





H OBBING gears of extreme hard- 
ness (325—350 Brinell) as used in oil 
well pumping reducers—for particrlarly 
arduous duty—was the problem of a 
Chicago manufacturer. In cutting 
and maintaining this unusual hardness 
and maintaining high accuracy, Cities 
Service oils were used as the cutting 
lubricant. 


No doubt you have one or two like 
problems in your shop. Why not find 





out what our lubrication engineers can 
do for you in your own shop with the 
right metal cutting lubricant? Just 
write us to have a lubrication engineer 
call. 


Copies of our booklet on “Metal Cut- 
ting Lubrication” are available to users 
of metal cutting lubricants. Write for 
your copy today, before the supply is 
exhausted. 





CITIES SERVICE OIL COMPANY, 
Sixty Wall Tower, Room i326MT, New York 


Please send me information concerning 
your Lubrication Engineers’ Service (_ 


Please send me booklet on Metal Cutting 
Lubrication 


Name Title 
Business Address 
Firm Name 


City State 














tures, lower stresses were required for sep- 
arating the steel from carbides containing 
titanium carbide. This lower ‘“‘adhesive 
strength” (Klebefestigkeit) is considered 
to be an important factor in the better wear 
of tungsten titanium carbide mixtures 
i.e. the formation of a built-up edge and 
the subsequent breaking-off of sections of 
the tool is less pronounced. 

At low cutting speeds the mechanical 
stresses (such as vibration) predominate 
and the carbide tool without titanium car 
bide performs better because of its better 
heat conductivity, bending and vibrational 
strength. At high cutting speeds, the 
straight tungsten carbides show a greate: 
tendency toward built-up edges and thus 
tO Weal At the lowest cutting speeds, the 
tool temperature rise is not high enough 


, 


form a built-up edge, which is also suy 


pressed by using a coolant, or, as in th 
case of cast iron, by the formation of 
short chip 

At small feeds, the temperatures at th 
wear surfaces are lower and the mechani 
cally stronger, plain tungsten carbide tox 
is superior even in the case of relative! 
high speeds. As no built-up edge is forme 
with non-metallic materials such as glas 
resins, carbon, etc., the above deductio: 
do not hold and the titanium-free carbid 
should be employed. The latter sho 
also be used for room-temperature drawi 
of wire, while at higher temperatures, 
addition of titanium carbide is benefix 


EF ( 


2h. Non-Ferrous 


Forming Aluminum Alloys 


“Suarpe Forminc.” C. C. Bain & J. T 
WeEINZIERL (Aluminum Co. of America) 
American Machinist, Vol. 85, Feb. 19 
1941, pp. 101-103; also ‘“‘Embossing, 
Coining and Stamping.” J. F. Wen 
ciert & C. D. Myers. /bid., Mar. 5, 
1941, pp. 154-156. Practical. 


The material to be used for tools tor 
forming aluminum alloys depends on 
number of pieces to be produced. ( 
ings or machined steel can be used tot 
small runs, while hardened and _ polished 
tool steel is necessary for long runs 

In designing, the problem of metal 
spring-back in the higher elastic limit al- 
loys must be taken into consideration. 
Radii required for 90° bend for all com- 
mon aluminum alloys are given. In form- 
ing in press tools, lubricant is used on the 
female die side. Medium-grade engine oil 
diluted with kerosene is satisfactory for 
average forming, but tallow coating is re- 
quired for severe forming or for shaping 
heavy-gage aluminum. 

Embossing is the production of raised 
figures in relief; the embossed section has 
a characteristic uniform thickness. Coin- 
ing is a method by which the design on a 
set of molds is impressed into the plane 
surface of a blank. Stamping refers to 
the cut lines of figures resulting from the 
impact of a stamp, having a relatively sharp 
projecting outline, upon a smooth surface. 

The usual tool for all three processes 
consists of a punch and die, both made of 
hardened tool steel. In the case of stamp- 
ing tools, however, only the punch on 
which the design has been cut in relief 1s 
hardened; the die (or anvil) is smooth 
and usually of a mild steel. Roller dies 
are sometimes very practical. 

In embossing, rubber may be used for 
the female die; for example, aluminum 
foil may be decorated by passing it be 
tween a steel roll having the design cut im 
relief and a smooth rubber-faced contact 
ing roll. 

The use of oil or other lubricant should 
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FASTER CIRCULATION 


COLUMBIA 
MOTOR-GENERATORS OF HOT GASES 


for Electro-Plating and 
other Electrolytic Processes 
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WALL-TRENT 
MODEL W Gas- 
fired Furnaces offer a basic improvement in the 
placement and spacing of flues and burner parts 
which results in a more vigorous circulation of gases 
and eliminates all danger of flame impingement. 

. Easily controlled air-gas ratio, plus a slight 
positive inside pressure, prevents air infiltration and 





Columbia Motor-Generator Sets are a valuable 
asset in meeting the precision requirements of the 
modern plating department and embody every fea- 





. . keeps the work from scaling. . . . Best quality re- 
ture essential to dependable, 24-hour operation. qu 
They are builtin sizes of Vs. to 250 KW, 100 epsoeey Sevtoe by, tow best conductivity beck 
,6¢ ts. t ship- :, 
pele Pg on ae ie. : a a a Write for Descriptive Bulletins. Model W Series 
ENGINEERING 
COLUMBIA ELECTRIC MFG. CO. T ~ rt N LABORATORIES 
4508 Hamilton Ave. Cleveland, Ohio 
316 NORTH 22nd ST. PHILADELPHIA, PA. 
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TURBO BLOWERS sy 
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Pickling Crates and DIRECTLY CONNECTED V-BELT DRIVEN 
Baskets by Rolock... SERIES 300 

Arc welded construction means no scratched hands or work, VOLUMES from 100 to 4,000 cu ft per min. 

no loose wires. PRESSURES from '/2 to 2 Ib per sq in. 


minimum weight. FULL RATED VOLUMES FREE FROM VIBRATION 
WRITE FOR CATALOG FULL RATED PRESSURES FREE FROM BEARING TROUBLES 
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SURIERS EQUIPMENT FOR ak 
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be avoided; but alcohol or other light 
lubricant may be used in some classes of 
coining. Aluminum sheet should have as 
high an elongation and as low a ratio 
of yield to tensile strength as is consist- 
ent with properties required in service. 


JZB (2b) 
Annealing Aluminum Alloys 


THe Errect or MANGANESE ON THE 
RECRYSTALLIZATION OF ALUMINUM AND 
Some Atuminum AtLoys (“Ueber den 
Einfluss des Mangans auf die Re- 
kristallisation von Aluminium und 
einiger Aluminiumlegierungen”) Wal 
reER Buncarpt & EvucEen OsswaLp. Z 
Metallkunde, Vol. 32, Nov. 1940, pp. 
368-375. Extensive original research. 


Aluminum of 99.9% purity and 23 alu- 
minum alloys (analyses given) were sub 





mitted to recrystallization tests in (a) the 
precipitation-hardened and (b) the solu- 
tion-annealed states. Four of the alloys 
represent commercial material, while the 
rest were specially melted in an induction 
furnace, forged, rolled and heat-treated. The 
beginning, degree and end of recrystalliza- 
tion after 30-min. annealings was deter- 
mined by X-rays and photomicrographs. 

In 6 binary aluminum-manganese alloys 
containing between 0.1% and 1.54% Man, 
the recrystallization temperature range was 
shifted to higher temperatures than with 
pure aluminum. The first 0.2% Mn is 
most effective since this is within the limit 
of solubility. Hardly any change takes 
place at higher manganese concentrations. 
The beginning of recrystallization is prac- 
tically the same for pre-treatments (a) and 








() Rotary Carburizers .°%..,, 





For carburizing miscellaneous small 
and medium size products—uni- 
formly and economically — using 
either gas or compound—-EF rotary 
type carburizers are meeting the 
most exacting requirements. Prod- 
ucts such as gears, pinions, nuts, 
bolts, screws, roller and ball bear- 
ing parts, chain links and many 
other products are being handled 
in this equipment. 


EF rotary carburizers are built in 
sizes with capacities ranging from 
500 to 1000 Ibs. per hour. 


The furnaces in the foreground ac- 
commodate net charges of 550 
Ibs. each—tthe several furnaces in 
the background handle charges of 
1000 Ibs. each. 


All sizes are supported on trun- 
nions and have suitable tilting 
mechanism to enable furnace, with 
maximum charges, to be easily 
tilted by one operator. The con- 
tents of retorts may be quickly 
discharged into containers or 
quenched as desired. Additional in- 
formation on carburizers or on 
furnaces for any other process 
gladly furnished on request. 


We build Gas Fired, Oil Fired and Electric Furnaces—fFor any Product, 
Process or Production. 


The Electric Furnace Co., Salem, Ohio 














(b) but the recrystallization is finished at 
a lower temperature for (b), /.¢. solution 
annealing narrows the _ recrystallization 
temperature range. 

The addition of 2-9% Cu to binary 
aluminum-manganese alloys lowers the re- 
crystallization temperature range of alumi- 
num-copper-manganese-silicon alloys  ap.- 
preciably, as compared with binary alumi- 
num-manganese alloys. An addition to 
0.32% Fe is even more effective than sili- 
con. 

Aluminum-manganese-copper alloys with 
0.4-1.0% MgSi recrystallize at about the 
same temperature as straight aluminum- 
manganese-copper alloys, owing to the low 
solubility of Mg:Si. Generally speaking, 
the temperature-raising effect of one or 
more alloying elements may be partly or 
completely abolished if a metallic com- 
pound is formed with the elements already 
present and if the base metal shows no solu- 
bility for such compouad. Thus, in com- 
mercial duralumin alloys, the recrystalliza- 
tion temperature range is raised but slightly 
by the addition of 0.1-1.0% Mn. 

The most pronounced effect of manganese 
on the recrystallization temperature range 
was observed in binary aluminum-man- 
ganese alloys while all the more complex 
alloys recrystallize between pure aluminum 
and the binary aluminum-manganese alloys, 


The recrystallization range was narrowed 
though to a varying degree—in all cases 
for pretreatment (b) as compared with 
(a). 
Evidently defying all laws derived trom 


observations on other metals, aluminum- 
magnesium-manganese alloys with 2.34 Mg, 
1.18 Mn, 0.47 Si, 0.37 Fe and 0.1. Cu 
recrystallize at a lower temperature than 
aluminum of 99.9% purity. Magn. sium 


more than offsets the recrystallization tem- 
perature-raising effect of manganese In 
some alloys, manganese raises the ‘‘c: tical 


deformation” to higher percentage. in 
others it suppresses the formation of « oarse 
grain on recrystallization completely 
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Welding Copper Alloys 


“WeELpDING oF Copper-RicuH ALLO 
AGrRIcOLA. Sheet Metal Inds., Vol. 
Feb. 1941, pp. 205-213. Practical. 


Alloying additions decrease the two main 
difficulties encountered in welding pure 
copper: high thermal conductivity, and fe- 
activity with and solubility for gases. 
However, there is an increased risk of 
cracking due to the presence of brittle or 
low-melting-point phases. 

Most welding of brass is by the oxy- 
acetylene process. Special welding rod ma- 
terial with small amounts of deoxidizers 
(silicon, phosphorus), manganese and 
sometimes silver, nickel or iron is used. 
Some of the alloy additions found in brass 
(aluminum, chromium, lead) are detri- 
mental, either because of difficulties im 
fluxing or increased tendency towards 
cracking. Brass must be fluxed; a com- 
mon flux consists of borax with about 30- 
50% NaCl. The flame should be def- 
nitely oxidizing to form a thin film of 
zinc-oxide which prevents vaporization and 
loss of zinc. 

Preheating to 575°-725° F. is desirable 
on sheets over g in. Cracking in brasses 
containing alloying additions like lead 1s 
reduced by avoiding cooling stresses. It 
is not necessary to hammer the weld metal 
during cooling or to hot work it as is the 
case with copper. 

The carbon arc is little used for brass; 
it offers the advantage of higher welding 
speeds, but considerable zinc volatization 
is encountered. The metallic arc 1s Um 
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GAS 
FIRED 
FORGES 


RAPID HEATING 

CLEAN WORK 

SINGLE VALVE 
CONTROL 


These compact, 
double entrance 
Forges take the place 
of bulky and dirty oil 
or coal fired units. 
Welding and Forging 
heats can be reached 
from cold in 25-45 
min. The neat casing 
has a door and store- 
place for tongs, etc. A NECESSITY IN ANY 


MODERN SHOP! 









Write for complete information. 








AT 5000° F 


Ajax-Northrup High Fre- 
quency Induction Furnace 


Makes Alloy for Phono 
RS 
2000 Records 





PERMO PRODUCTS CORPORATION, CHICAGO 
uses an Ajax-Northrup High Frequency Furnace 


to develop precious metal alloy 


. \ phonograph needle points. 
\ Power for the furnace is furnished 
3 by a 35 KVA Ajax-Northrup high fre- 
acropho- 


tograph of a quency converter which changes 60 


ermo point: 
the light col- 
cored tip is 
Synod of the 
atlo ro- ° 

cok Bi Information on request. 

Ajax-Northrup Aj-23-C 
Furnace. 
AJAX-NORTH RUP MELTING FURNACE CAPACITIES: ONE OUNCE TO EIGHT TONS 


cycle power to 50,000 cycle power. 


For Production, Economy, 
Accuracy and Uniformity- 
MAHR Industrial Furnaces 


MAHR CAR-TYPE HEAT TREATING 
FURNACE, OVER and UNDER FIRED 
—USE GAS or OIL 


There are many features you will appreciate in this 
carefully engineered heat treating furnace. First of all 
it’s over and under fired — proven most satisfactory. 
You can use either oil or gas, or fuel line installation may 


be made for emergency change-over, Heat is always 
uniform and may be either manually or automatically 


controlled. 


When you buy a furnace of any type, you are actually 
buying HEAT. See that you get it, delivered in correct, 


uniform volume in a manner that reduces operating costs. 


Investigate the many types of furnaces produced by 


MAHR before making your choice. 

















LET MAHR ENGINEERS MAHR PRODUCTS 


CONSULT WITH YOU Rotary, Car types, 
Conveyor types, Roller 

The thousands of industrial heat Hearth end Pusher 
i i . . Ss, n ron 
applications made by our engineering a aa fordine. 
staff have resulted in the solution of Tool, Pot, Crucible 
a mass of heat problems. This ex- and Babbitt. Rivet 


Heaters, Torches, Bab- 
bitt Pots, Forges, Core 
Ovens, Ladle Heaters 


perience and the skill of these experts 
are at your service whether your 
needs are large or small, 
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suitable, due to zinc volatization. Spot 
welding is not too reliable, again because 
of loss of zinc. 

In welding tin bronzes, difficulties with 
zinc volatization are, naturally, not en- 
countered, but the formation of the lower- 
melting-point beta phase may lead to cracks 
Or porosity; segregation and coring are 
common in bronze welds. Welding rods 
for oxyacetylene welding are of the same 
composition as the parent metal, except 
for higher phosphorus. The usual flux is 
borax with additions of some halide salt 
such as NaCl. There is little trouble with 
liquation up to 5-6% Sn, but alloys with 
higher tin should be cooled rapidly. The 
welding flame is neutral, except for leaded 
bronzes, when it should be slightly oxidiz 
ing 


THAT’S THE PRODUCTION 





Metallic arc welding is not used to any 
extent, but the carbon-arc is employed a 
great deal. Resistance welding gives strong 
welds, but both the bronze and the elec- 
trode tips must be carefully cleaned to pre- 
vent sticking. 

In welding nickel-silver, the chief dith- 
culties are loss of zinc, formation of re- 
fractory oxide layer, and a tendency to hot 
shortness. Gas absorption and porosity 
increase with rising nickel content. Arc 
welding is used only when a 60-40 brass 
electrode with additions can be employed. 
Oxyacetylene is generally suitable, but the 
weld metal must be chosen so as to have 
the same color as the parent metal. The 
flux is principally borax. 

Pre-heating is not necessary, but a strict- 
ly neutral flame must be used. Anneal- 


THIS MANUFACTURER IS GET- 
TING with Easy-Flo brazing alloy, in joining 5/16” steel studs 


to .020” stainless steel fender trim for a popular car and the alloy 


and flux cost is only 4 cent per joint. 


In service these joints are under continual strain from the nut holding them 
to the fenders. They. are subject to considerable vibration and to the 
severe “weathering” fenders must take. The manufacturer has ‘“‘never heard 


of a joint coming apart.” 


Before using Easy-Flo, it was difficult to keep the thin trim from buckling 


when heated. The low working temperature of Easy-Flo has solved this 
problem. 













The simple procedure tllus- 
trated speeds up production, 
Girls on one side of a row of 
fixtures Handy Flux the 
studs and place them on the 
trim. Plungers hold the 8 
studs on each trim im cxact 
position. Moving along the 
opposite side of the row, the 
brace? applr Ss tite heat with 
a torch and joims studs t 
trim forever with Easy-Fl 
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The fast-acting, low-temperature Easy-Flo 
is daily giving high speed production with 
reliability and economy to manufacturers 
all over the country. It is equally effective 
for joining ferrous, non-ferrous and dis- 
similar metals. Try it on one job in your 
plant. We'll be glad to assist. For Easy- 
Flo details write for Bulletin MA-10. 
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ing gives greater homogeneity (such treat- 
ment is useful in food equipment and simi- 
lar applications involving corrosion), but 
strength is seldom more than 50% of the 
unwelded material. Good resistance welds 
are possible, but zinc is likely to cause 
‘spitting’ and porosity. 

Cupro-nickels give trouble in welding be- 
cause of the hard black oxide formed, the 
ease with which gases are absorbed, and 
the tendency to hot shortness. Metallic 
arc welding with heavily-coated electrodes 
is possible, but most commercial welding is 
by the oxyacetylene process. Welding rods 
for cupro-nickels should contain manganese 
and silicon to reduce porosity. A flux is 
required, and a slightly reducing flame is 
recommended. Hot shortness may be over 
come by the use of suitable jigs. These 
alloys can be readily spot or seam welded, 

Silicon bronzes have only one notable 
disadvantage from the welding viewpoint 
their tendency to hot shortness at tempera- 
tures near the melting point. No flux is 
necessary, but if ome is used a consider- 
able portion of chloride is necessary in ad- 
dition to borax, while sodium fluoride 
(NaF) is useful in attacking SiOx. 

Both the carbon- and metallic-arc p: 
esses are used. In metallic-arc welding. 
the electrode must be heavily coated to 
overcome the effect of the silica film on 
the metal. Spot and seam welding char- 
acteristics are very good, but surfaces st 
be carefully cleaned. 

The main difficulty with alam. 
bronze stems from the thin film of 


num oxide formed. No flux is absolu:cly 
satisfactory, but a good proportior if 
NaCl, KCl, NaF or KF 1s alway 
quired; alloys with over 5% Al are ry 
dificult to weld under any condit:. os. 
Cleaning of surfaces before welding i 
portant. In oxyacetylene welding, the {me 
should be slightly reducing. Metal-arc . \ec- 
trodes must have heavy flux, but are not 
used commercially at present. The car on- 
arc is satisfactory. These alloys are -asy 
to spot weld if the oxide film is remo. ed. 
Cadmium-copper, silver-copper, etc. pre- 
sent no difficulties. Beryllium-coppe: is 
hard to weld due to the formation of 
beryllium oxide, which no flux appe to 
remove. JZB (2b) 


Machining Zinc-Base Die Castings 


“MacHIninG Zinc Atitoy Die Cas 

incs.” N. J. Zinc Co. America 

Machinist, Vol. 58, Mar. 19, 1941, py 
259-261. Useful data compilation 

Zinc die casting alloys are relatively soft 
(37-113 Brinell) and are free-machining. 
Since castings are close to finished size, lit- 
tle machining must be done. 

High speeds and light cuts give the best 
results. High speed steel tools can be 
used, but Stellite and cemented carbides are 
better on long runs and where the highest 
accuracy and finish are required. Most 
machining is done dry, but lubricants are 
recommended for some operations and for 
most deep-drilling and tapping. Recom- 
mendations for drilling, tapping, threading, 
reaming, turning, milling, spot facing, 
broaching, shaving, sawing, grinding, and 
polishing are given. 

Swaging is done cold, but not below 
70°F. and increases the tensile strength 
up to a reduction in-area of 40%. Rivet- 
ing can be done but not below 70°F.; 
rivets are generally cast integral with one 
section of two mating die castings. Cast 
ings that cannot be easily cast to the 
desired shape can be bent or formed after 
casting. Mild heating may improve the 
ductility but is generally not required if 
the castings are over 70°F. JZB (2b) 
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., eee Basis’ of Du Pont 


° ETTING the right answer” is the Du 
Pont definition of technical service 


ether that answer lies in the laboratory or in 
ie field—whether it can be found in the micro- 
hotograph of the case, or in the molten bath. 
re at Du Pont, service is a double-barreled 
rd. Sometimes it means test tubes and long- 
ired research. But often it refers to practical 


rk in industrial equipment by competent 


‘hnical men—skilled metallurgists with many 
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incorporated 


The R. & H. Chemicals Dept. 
Wilmington, Delawere 
DISTRICT SALES OFFICES: 
Baltimore, Boston, Charlotte, Chicago, 
Cleveland, Detroit, Kansas City, Newark, r 

New York, Niagara Falls, Philadelphia, 
Pittsburgh, San Francisco & El Monte, Cal. _ 


CYANEGG* 






MAY, 1941 


SODIUM CYANIDE, 96% MIN. ° 


DU PONT CASE HARDENER 





years of experience. These men and their work 
have made the Du Pont reputation for “techni- 
cal competence.” Their expert assistance is avail- 
able to you—to help you find practical answers 
to your everyday problems in steel treating. 

@ Perhaps you have some problem you would 
like to discuss with a Du Pont man. Remember, 
you can discuss it freely with him... and you 
can rely on him to uphold Du Pont’s standard 


of helpful, practical service. 


Service 


R & H CHEMICALS for Steel Treating 


POTASSIUM CYANIDE 
CYANIDE CHLORIDE MIXTURES, 75% AND 45% *® CARBURIZING SALT 


® ACCELERATED SALT *® HEAT TREATING SALTS 
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Physical and Mechanical Properties (including Fa- 
tigue and Creep). 
ing Design of Metal-incorporating Products. Selec- 
tion of Metals and of Metal-Forms, Competition of 


Metals with Non-Metals. 


Corrosion and Wear. 


Engineer- 


Specific Applications of 


Metals and Alloys, 


Bearings and Bearing Surfaces 
A Composite 


Of all the contributions of metallurgical 
engineering to national security, hindsight 
will probably show developments in bear- 
ings, bearing design and _ bearing-surface 
technology to have been among the most 
significant. The speed and stamina of 
modern aircraft engines and other mobile 
military equipment is a direct result of 
the current availability of high fatigue- 
resistant, high corrosion-resistant, super- 
lative surface-quality bearings and bearing 
metals. 

Oil Te mperature 

Improvement in bearing life and_per- 
formance has been effected not only by 
working on the metals as such but by at- 
tention to a host of corollary factors that 
have a determinable influence on bearing 
service. Thus, R. A. WATSON of Federal 
Mogul Corp. (“Oil Cooling—Its Relation 
to Bearing Life,’ §.A.E. Journal, Vol. 48, 
Feb. 1941, Trans. pp. 41-50) traces the 
somewhat surprising effect of oil tempera- 
ture and its control on the metallurgical en- 
gineering properties and therefore the per- 
formance of engine bearings. 

Of the various factors affecting the life 
of a bearing in an engine, fatigue strength 
is the most important. As the fatigue re- 
sistance of a bearing metal is related to 
its tensile strength, and the tensile strength 
is affected by temperature, bearing life is 
dependent upon the temperature of bear- 
ing metal. Investigation of bearing temper- 
atures obtained in the field revealed that 
maximum temperatures were reached of 
sufficient magnitude to cause serious re- 
duction in tensile strength. 

Laboratory investigation showed that lu- 
bricating-oil temperature has the greatest 
effect on bearing temperature and_ that 
through control of the former, the latter 
could be reduced. Virtually all authorities 
on automotive-engine bearing design and 
lubrication recognize that the ideal crank- 
case lubricating oil temperature is about 
180° F. With lubricating oil held at this 
temperature in a Diesel engine, the tensile 
strength of the bearing metal is 20-40% 
greater than that obtained under some 
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trucking operation conditions, and the bear- 
ing life is correspondingly greater. 

It is possible to maintain the lubricating- 
oil temperature at or below 180° F. in a 
large automotive Diesel engine, the best 
method of cooling the oil being the use 
of radiators in the air-blast. Heat ex- 
changers utilizing engine cooling-water are 
not practical for engines where oil temper- 
ature control to 180° F. maximum is de- 
sired. Similarly, neither are jacketing the 
oil pan or using cooling-water coils in the 
oil pan feasible. 


Metal Surfaces 


Corrosion of bearing surfaces is an im- 
portant engineering problem. E. A. SMITH 
(‘Some Characteristics of Metal Surfaces,” 
Machinery, London, Vol. 57, Feb. 13, 1941, 
pp. 541-544) points out that on every metal 
surface exposed to the atmosphere for some 
time, there are probably several compounds 
in addition to a mono-molecular layer of 
fatty acids condensed from the atmosphere. 
This surface cannot be observed by direct 
optical methods, but can be investigated 
with electron diffraction equipment. 

The metal surface does not contribute 
to mechanical strength, but does offer re- 
sistance to corrosion, and affects the resili- 
ence, elasticity, and fatigue strength. The 
orientation of loosely or partially embedded 
crystals on the surface may decisively in- 
fluence the all-important fatigue resistance. 
The effect of thin layers of foreign metals 
(7.e. zinc on steel) or of oxides (i.e. 
Al,O; on aluminum) may greatly change 
these properties of the base metal. 

The Beilby layer is associated with most 
bearing metals in operation. This layer 
has the unusual ability of dissolving at 
room temperature crystalline materials that 
may lie on it; ordinary surfaces do not 
have this property. The Beilby layer is 
also of interest in the conditioning of 
metallic surfaces; for example, colloidal 
graphite can be rolled into the Beilby 
layer on mild steel to increase its bearing 
properties. 

The presence of an oxidized layer de- 
creases the free surface energy of a metal 
and slows up further oxidation. The ad- 
sorption of polar molecules on bearing faces 
to form a saturated film is significant in 





problems of lubrication. The question of 
frettage corrosion has not been completely 
clarified; however, it is an atomic pheno- 
menon occurring on the surface of metals 
under abrasion in the presence of oxygen. 


Aluminum- and Lead-Base Bearings 

More than one nation’s engineers are 
presently concerned with the potential serv- 
iceability of aluminum-base or lead-base 
bearing alloys. In Germany, for example, 
M. F. voN SCHWARZ (“Zwei neuzeitliche 
Lagermetalle,’ Tech. Zentralbl.  prakt. 
Metallbearbeitung, Vol. 50, May 1940, pp. 
251-254; June 1940, pp. 304-306) has 
studied the engineering properties of such 
bearings. The alloys studied were (a) 
aluminum-base alloys low in copper, which 
carry the same surface loads as good lead- 
bronzes at 4 of the latter's weight, and 
(b) lead-base alloys that contain antimony 
and arsenic but no tin, and which are 
“equally as good” as tin babbitts. 

The maximum bearing load is considered 
to be a good characteristic value of the 
quality of a bearing metal. Aluminum- 
bearing alloys are used as-cast and forged. 
They call either for provision of greater 
play in comparison with standard bearing 
alloys (due to their greater therma! ex- 
pansion) or for thinner bearing linings. 
Long bearing lengths and lubrication 


grooves in the load-carrying part vuld 
be avoided. A perfect finish of the bearing 
surface, the use of pure mineral oil «! ap- 
propriate viscosity, and constant f ing 
in a (Bosch) felt filter is recommended. 
Regarding the lead-base alloys, their 
Brinell hardness and solidus temper. tures 
correspond to standard German »bitt 
WMs0. At low speeds, friction even 
lower with the new tin-free alloy. The 
load carrying capacity and running per- 
ties of both types are about the same. The 


“emergency” bearing qualities of th new 
alloy are favorable. Surfaces shou'd be 
finished smooth. 

Certain German-bearing alloys « _ this 
type are specifically described b, VON 
SCHWARZ in another publication ( Neue 
Blei- und Aluminiumlagermetalle,”) Abna- 
hme, No. 7, 1940, pp. 49-53; No 
57-59). ‘Palid” bearing alloys (1 
max., 7 As, bal. Pb) and “‘Quarzal 15% 
Cu max., 10 Si max., + Mn, Fe, Ni, Cr, 
Mo, bal. Al) show favorable bearing prop- 
erties, in some respects surpassing even 
the standard German babbitt WMs0. The 
frictional values are between 0.0015 and 
0.003. The bearing temperatures are s0 
low that no cooling is required as is the 
case with lead-bronze at the same loads. 


Zinc-Base Bearing Alloys 


German attempts to develop zinc alloys 
for bearings have been watched here with 
considerable interest. RICHARD WEBER 
("“Gleiteigenschaften von  Lagerlegierun- 
gen”, Z. Metallkunde, Vol. 32, Nov. 1940, 
pp. 384-389) presents a comparison be- 
tween zinc-base bearing alloys and _stand- 
ard materials. A constant-load machine of 
the Kammerer-Welter type was employed 
and details of the testing machine and con- 
ditions are given. 

The following materials were studied: 
(1y¥ zinc + 4% Al + 0.7 Cu + 0.03 Mg 
in the (a) cast and (b) extruded state; 
(2) zinc + 10% Al + 0.7 Cu + 0.03 Mg, 
(a) cast and (b) extruded; (3) tin + 
11% Sb + 9 Cu; (4) lead + 15.5% Sb 
+ 1 Cu + 10 Sn; (5) ‘“Bahometall,” con- 
taining lead + 0.69% Ca + 0.62 Na + 
0.04 Li + 0.02 Al; (6) copper 4 8-9% 
Sn + phosphorus; and (7) copper + 9% 
Sn + 7 Zn + 3 Pb. 

At low speeds of 0.1 m./sec., consider- 
able differences between the materials test 
were found. Bearing alloys of the tin- af 
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ETH STERLING 


MAY 


From the “home of steel,” in the heart of 
industrial America, FIRTHITE Sintered Car- 
bide Cutting Tools are available from this 
modern powder metallurgy plant. In 8 other 
principal cities are branch warehouses, sales 
offices and engineers, prepared to render 
localized service. 





Firth-Sterling offers the plan, the information 
ind the materials for making FIRTHITE Cut- ; = 
ting Tools in your own shop. In four basic fh , 





operations. complete carbide tools may be 


Recess Tool Steel 
Shank to take Firth. 
ite “tip.” 





prepared from Firth-Sterling materials. Only 
standard tool room equipment is required for 
this work, plus a brazing furnace or torch for 
brazing. 


Braze Firthite “tip” 
into shank recess. 


in many conveniently located cities local tool 
makers of established reputation and ability 
have been authorized by Firth-Sterling to make 
Carbide Cutting Tools from genuine 
FIRTHITE materials. Consult your local class- 
ified telephone directory, or write for the name 
of the authorized tool makers nearest to you. 








N rei 
0 \ 
Tet. Shape Firthite ‘‘tip” 
(ire sag tO fit shank recess. 
Grind clearance an- t 
gles on assembled 
tool. ee 
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Information about any of these optional sources, that assure you of the advan- 
tage of genuine FIRTHITE Sintered Carbide Cutting Tools, will be gladly 


furnished upon request. 
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OFFICE AND WORKS 


McKEESPORT, PA. 


BRANCH WAREHOUSES 






NEW YORK 
HARTFORD 
LOS ANGELES 
CLEVELAND 
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THIS LATEST 
Stuart Oi! DEVELOPMENT 
IS DOING IT FOR OTHERS! 


HE rapidly increasing use of carbide and other high speed 

tools emphasizes the immediate importance of this original 
type of cutting fluid. 
STUART'S SOLVOL Liquid Cutting Compound was developed 
especially for this exact condition. Where operations run “too 
hot” for properly applied straight cutting oils —and where 
ordinary soluble cutting oils or soluble paste compounds fail 
to produce satisfactory finish or tool life — that’s the place for 
this original Stvet (il development in emulsifying cutting 
oil! Put it on the job quick and watch the improvement. 


For All Cutting Fluid Problems 


D. A. STUART OIL CO. 
Est. 1865 


Warehouses in All Principal Metal. Working Centers 


Chicago, U.S.A. . LIMITED ° 


WIRE TODAY for working sam- 


ple — FREE to any industrial concern 
working on defense orders. To assure 
proper application please tell us name 
of part, stock, machine and cutting 
operations. 





JESSOP WASHINGTON 


WATER HARDENING TOOL STEEL 





AND OTHER APPLICATIONS REQUIRING 
A SUPERIOR CARBON TOOL STEEL 


For threading low-strength, soft, and highly heat-conductive metals, straight carbon water hardening tool 


steel, such as JESSOP’S ‘“‘WASHINGTON”, 
threading dies. 
longer runs and in a smooth, uniform thread. 

JESSOP’S “WASHINGTON” straight carbon tool 
rolbing dies. 


steel has 


is preferable to high speed steel—particularly for small 
The ability of carbon tool steel to maintain a very keen cutting edge results in much 


heen found highly satisfactory for thread 
It is easy to hob and shows little distortion or bow after quenching. 


On many jobs, dies 


made from ‘“WASHINGTON"’’ have threaded several million pieces before being replaced. 
On other carbon tool steel applications where excellence of performance is the deciding factor, you can 


specify JESSOP’S ‘“‘WASHINGTON” 
we will be glad to recommend other Jessop water hardening tool 
outstanding service. Write JESSOP STEEL CO., 


with the highest degree of confidence. 
steels that cost 
546 Green St., Washington, Pa, 


For ordinary routine jobs, 
less but will give 
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Jessop Steels - America 


CARBON:HIGH SPEED*SPECIAL ALLOY» 


STAINLESS* and ( MIP 
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lead-base types show the best gliding of 
“breaking-in’’ properties followed by phos. 
phorus-bronze and alloy (7). At the rather 
high testing speed of 6 m./sec. the he. 
havior at elevated temperatures and under 
more severe conditions is brought out. As 
to low-friction and high load-carrying abjl. 
ity at 0.1 m./sec., the new zinc-base alloy 
(2) is superior to the familiar die-casting 
alloy (1). With both alloys, the wrought 


material performs better than the cast 
alloys. 

The lowest frictional values were ob. 
served with alloys (3), (4) and (5), 


while the phosphor-bronze and the zinc. 
base alloys were about the same. Alloy 
(7) showed the highest frictional values. 
At low speeds, the load-carrying capacity 
does not depend on compressive strength, 
but on the friction of the bearing surfaces. 

As frictional values change in the same 
manner as bearing temperatures, the latter 
were only determined at 6 m./sec. in rela- 
tion to rising loads. At higher loads, zinc. 
and copper-base alloys performed equally 
well. At low loads, alloys (3), (4) and 
(5) are about the same, but the order of 
merit at high loads is (5), (3), (4). 
Alloy (7) yielded the poorest results al- 
though it performed somewhat better at 
6 m./sec. than at 0.1 m./sec. 


In summary, at elevated temperatures, the 
zinc-base alloys are inferior to phosphor- 
bronzes, about equal to tin babbitt an. lead. 
base alloys, and superior to (7) The 
wear of contacting surfaces of bea and 
axle in case of irregularities or | tion 
interruptions of the zinc-base s js 
comparable to (3), (4) and (5) 1 su- 
perior to copper-base alloys. T! ctual 
wear of group (1) and (2) is the 
same as for tin-base babbitts and © Bahn- 
metall,’’ but considerably higher that 
of phosphor-bronze. (3) 

3a. Ferrous 

High-Manganese Aircraft Steels 

PROPERTIES OF QUENCHED AND M 

PERED STEELS CONTAINING MAN SI 

AND Oruer ALtoy AppiTIons (“‘! . 

schaften von Mangan-Vergiitung 

mit weiteren Legierungszusatzer 

Cornetius. Stahl u. Eisen, V« 

Nov. 28, 1940, pp. 1075-1083. P1 

The possibilities of substituting manga- 
nese for the molybdenum and nicke! in the 
usual airplane structural steels containing 
0.4% C. 0.9 Cr., 0.15 Mo; or 0.35% CG, 
2.12 Cr, 2.1 Ni and 0.3 Mo, were udied. 

The compositions tried were (a) 0.35% 
C, 0.3% Si; 1-1.7 Mn, 0 or 0.3 Cr, 0-0.2 
Mo, 0-0.3 V. (b) 0.27-0.41% C, 0.3-0.5% 


Si, 1.4-2.1 Mn, 0.6-1.9 Cr, 0 or 0.6 Ni, 0 
or 0.2 Mo, 0-0.35 V. They were melted in 
4 16-lb. induction furnace and test samples 
forged to 3% in. diam. The structure, sen- 
sitivity to overheating, hardenability in air, 
tensile properties after heat treatment, and 
temper brittleness, were determined. 

In steels with over 1% Mn a small V 
addition reduced the sensitivity to overheat: 
ing. The low-alloy steels containing man- 
ganese, when heat-treated to the usual ten- 
sile properties, had higher yield strength 
than, comparable chromium-molybdenum 
steels. In the more highly alloyed steels the 
addition of vanadium to the manganese 
steels gave higher yield strengths. 

Steels without molybdenum gave lowet 
impact values. Temper brittleness was - 
diminished by vanadium. It was conclude 
that manganese steels could successfully 
substituted for the chromium-molybdenum 
steels. Whether they could be substituted 


for the chromium-nickel-molybdenum ro 
was not certain. SE 
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D. %”). The answer to that question was not as 
apparent five years ago as it is today. 


At Superior we have found increasing industrial 
emphasis on grain size of both ferrous and non- 
ferrous tubing. Metallurgists are becoming much 
more aware of the fact that controlled structure, 


prove d out by photomicrographic study, is essen- 
tial to meet certain operating conditions. Superior 
// maintains a close check on the micro-structure of 
all types and analyses of tubing—this in addition 
) to routine tensile, hardness, flanging, flattening, 
// compression, hydrostatic, stiffness, and flexure 
tests. We not only control the analyses and struc- 
/ ture of raw stock used, but carry this control 
through to the finished tubing that meets the 
7 specification on your order. Remember, if a metal 
_ can be drawn, Super d t ll tul 


Yor =| SUPERIOR TUBE 
PROBLEM [THE BIG NAME IN SMALL TUBING | 
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Welded Steel in Engineering Design 


“How aND WuerRE To Use WELDED 
FABRICATION.” R. B. Wuite (Lewis 
Welding & Eng. Corp.) Machine De- 
sign, Apr. 1941, pp. 45-48 Descriptive 


review 


Thorough understanding of the welding 
process itself—its capabilities and limita- 


tions is essential to a correct decision by 
the engineer on the use of welded fabrica- 
tion instead of some other metal-form. 
Functional considerations should also not 


he rorgot 


Weight reduction is an important fac- 
tor recommending welded fabrication for 
many jobs, particularly mobile equipment 
However, some machinery requires weight 


; 


en in making such selections 


tor stability and in such cases Castings may 
prove more satisfactory. The ideal con- 
dition from the welding viewpoint is to 
effect a reduction in weight without loss of 
rigidity, as can often be done. 

Properly designed steel weldments will 
be at least as rigid as iron castings be- 
cause the modulus of elasticity of steel jis 
practically double that of iron. However. 
designers should avoid a tendency to pro- 
duce long unsupported surfaces in welded 
structures, for this, combined with reduced 
wall sections, may give structures that 
spring excessively under load. Proper re- 
inforcing and support will avoid this diffi- 
culty. Rigidity or stiffness often becomes 
a deciding factor in favor of cast jron 


INDIUM 


non-ferrous metals 





CHROMIUM 


ferrous metals 


INDIUM is to non-ferrous metals what chrome is to 


ferrous metals. 


The possibilities for the application of this discovery 
have not been fully explored. A world of usefulness 
is indicated by just that fact alone. 


INDIUM may be the solution of your problem. 


The present era of military pre-emption has caused 
a stringency of many essential metals. Ample supply 
and prompt delivery of INDIUM, a domestic-mined 
metal, prevent production delays. 


INDIUM is a commercial metal. There is no premium 


on the cost of INDIUM, : 


1 small quantity produces 


such remarkable results. INDIUM plated and diffused 
by our patented processes will not chip or peel. 
INDIUM retards tarnish and is capable of high 


polish. Its possibilities are unlimited. 


Even if your industry is not in need of these properties 
of INDIUM at the moment, in anticipation of future 
contingencies, you should know how INDIUM can 


do a job for you. 


Let us show you how you ¢an use INDIUM to an 
advantage in your product. Write now for our infor- 
mative literature and know the facts about INDIUM. 


THE INDIUM CORPORATION OF AMERICA 


Research and Development Office 
60 East 42nd Street, N. Y. C. 
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Sales Office and Laboratory 4% 
805 Watson Place, Utica, N. Y. 





where pieces are small and a steel section 
of equivalent strength would be too flimsy 
or a steel section of equal stiffness too ex. 
pensive. 

Another important property is resistance 
to vibration. Cast iron will dampen and 
absorb such vibration to a greater extent 
than steel, and greater care must be taken 
in designing welded units subject to this 
type of load. Proper arrangement of dia- 
phragms will usually obviate this trouble. 

With respect to direct costs, fabrication 
from steel plate, where only a few pieces 
are required, is likely to be cheaper than 
casting because the pattern cost is elimi- 
nated. In some cases machining can be 
done on small pieces before welding and 
thus eliminate the handling of a larger 


heavier piece. Frequently pieces that are 
made separately as castings can be com- 
bined into a single welding, thus saving 
the machining and bolting necessary to 
tie them together. It should always be 
remembered, however, that gray iron cast- 
ings usually machine easier than stee! weld. 
ings. 

The more difficult machining of lded 
steel structures can often be circumvented 
by providing closer tolerances in Iding 
with the help of proper jigs and fixtures, 
thus reducing the amount of machining 
required. Also, in weldments signs 
should be kept as straightforwa: pos- 
sible and offsets, bosses, holes, n: etc. 
avoided, for costs will be increa \sid- 
erably if much cutting, cleaning ind- 
ing must be done on the plate 

Bent corners in weldments a: erior 
to rounded outside corner welds; | rmer 
are just as strong and can be n more 
quickly and better-looking than ¢ atter. 
Similarly, fillet joints should g y be 
used in preference to butt joint ever 
this is consistent with good st and 
appearance. 

Close surface contact between | plates 
welded together cannot be expect inless 
special attention is paid to this rec ment. 
Large pads will buckle and raise at the 
center through the shrinking acti f the 
weld around the edges, unless p welds 
are used. These must be made betore the 
periphery is welded and will better 
and cheaper if large holes are le 2-4 
in. in diam. with a single fillet ng the 
edge of the hole to the plate b 
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3h. Non-Ferrous 


Zinc in Germany 
A Composite 


Zinc is one of the few metals of which 
Germany has sufficient domestic sources to 
supply all her needs. For this reason the 
German literature has been filled for a 
number of years with papers on the prop- 
erties and uses of zinc and its alloys- 
some the natural result of the metal’s 
broad use and others part of a continuing 
propaganda program to effect substitution 
of zinc alloys for other (non-German) ma- 
terials wherever possible. . 

Some excellent reviews of the technical 
situation with respect to zinc in Germany 
and reports of recent research on the metal 
and its alloys in that country appeared in 
year-end issues of Zeitschrift fiir Metall- 
kunde, tardily reaching this country. Thus, 
G. PETRICH & WoLr Worr (“Zur inter 
kristallinen Korrosion der Zinklegierungen, 
Z. Metallkunde, Vol. 32, Dec. 1940, PP: 
412-414) studied the intercrystalline corre 
sion by moist steam of zinc alloys com 
taining up to 10% Al and up to 0.3% > 

Among zinc-aluminum alloys with 0.1% 
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he world’s safest airplane, the Autogiro. Its 
otor’’ permits it to land ‘‘on « dime,” or take 
a vertical jump. And all at almost walking 
here is no other plane like it. 

The supporting members for the horizontal lifting 
rotor are made of alloy cast steel. 

There is a sound reason for this choice. Alloy steel 
castings provide the ideal combination of great strength 
without extra weight, with economical manufacture as 
a worth-while by-product. 

Steel castings will make this combination available 
for your product, whatever you manufacture, with 






ON STRENGTH... 


these important additions; easy machining, perfect 
alignment, rigidity, resistance to fatigue, simplified as- 
sembly through combining parts, and a wide selection 
of mechanical properties. 

No other material you can specify can give you so 
many of the inherent advantages of steel, at so eco- 
nomical a cost. Steel castings will help you build a 
better, more modern, streamlined product—often at a 
lower total cost, which means a broader market. 

For more information, see your local foundry, or 
write to Steel Founders’ Society of America, 920 
Midland Bldg., Cleveland, Ohio. 








FOLLOW THE EXAMPLE OF THE AIRPLANE BUILDER — MODERNIZE YOUR PRODUCT WITH 
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Pb the least intercrystalline corrosion was 
observed in the eutectic alloy. Alloys with 
higher lead were very rapidly destroyed 
and even one with only 0.009% Pb re- 
vealed intercrystalline corrosion after 3 
days’ exposure. The phase rich in alumi- 
num 1s particularly strongly attacked, the 
mechanism evidently being one of “‘gal- 
vanic”’ action at the expense of the alumi- 
num. 

The Germans appear to be concerned 
with avoiding sh/s time their 1914-1918 
difhculties traceable to the low recrystalli- 
zation temperatures of zinc. According to 
G. MASING & H. J. WALLBAUM (‘Ueber 
die  Rekristallisationstemperaturen __ tech- 
nisher Zinklegierungen,”’ Ib/d., p. 418) the 
recrystallization of modern zinc alloys pre- 
sents no serious problem, even with high« 


cold-working reductions; so long as the re- 
crystallization results in a fine grain, there 
is no detrimental effect on physical prop- 
erties. 


“Creep” Properties 

A realistic attack on the creep property 
question, based on recognition that in the 
case of zinc alloys the structure is of more 
importance than nominal composition, is 
reported by A. BURKHARDT & E. GWINNER 


(“Die Dauerstandsfestigkeit von Zinkle- 
gierungen,’ Jbid., Nov. 1940, pp. 390- 
398). The behavior of zinc alloys under 


constant static loads in relation to grain 
size, extrusion speed, extrusion tempera- 
ture, deformation texture, amount of plas- 
tic deformation and heat treatment is 
studied. 
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When 


Shartle Bros. 
called upon to provide an unusual battery of 


circulating agitators in which all 


Machine Company was 


danger of 


contamination of the paper stock must be elimi- 
nated, they consulted us about special corrosion- 


proof castings for the installation. 


Housings for the impeller and the shaft were 
cast of Durco Stainless Steel to their designs. 
This austenitic alloy is proof against corrosion 


from chlorine left in the bleached pulp. 


Durco alloys and equipment are helping to 





build a greater Pulp and Paper Industry. Our a 
specialized experience is available to you too ~QeON-DURIED. 
in the design and construction of special cor- Va NS 


rosion-resisting machinery. 


THE DURIRON CO., 
DAYTON, OHIO 


INC. 











The extruded rods carried a load of 
2700 Ibs./in.* and the stretching of th 
samples was observed for 200 hrs. [The 
testing temperature is not given, so it js 
probably room temperature.| In case of 
insufhcient (unmeasurable) ‘“‘creep,” the 
load was doubled. The tests were sup- 
plemented by bending and X-ray tests. 

Fine-grained zinc of 99.99% purity ex. 
truded at /ow speeds show greater creep 
than when extruded at high speeds, espe- 
cially in zinc alloys containing 2% or 4% 
Cu. In all cases, creep rates were greater 
during the first couple of hours than after. 
wards. The bending tests corroborate the 
creep test results, #.e. a coarse-grain, less 
bendable material is more creep resistant. 

The commercial magnesium-bearing zinc 
alloys with 4% Al and 1 Cu and with 


15% Al yielded better results, but thei; 
creep resistance also depends on extrusion 
speed. Keeping the latter constant and 


varying the extrusion temperature between 
480° F. and 680° F. proved that low ex. 
trusion temperatures result in fine grain 
and low creep resistance. A brittle 1% 
aluminum-zinc alloy wire breaks on slow 
bending, but withstands 20 bendings at a 
speed of. 2 bends per sec. 

Regarding the deformation ure, 


drawn magnesium-free alloys co: ing 
4% Cu, or 1% Al, or 4% Al 4 Cu 
show better creep resistance than led 
alloys, but conditions are revert ith 
the higher aluminum-bearing all vith 
15% Al or with 10% Al + 2% ¢ The 
zinc alloy containing 4% Cu show rked 
improvement of creep resistance re- 
ductions as low as 3%. Above |! re- 
duction no further improvement is ved, 

The aluminum-bearing alloys the 
opposite behavior, 7.e. deterioratio: reep 
resistance with plastic deformation low- 
ever, it appears that small add s of 
magnesium exert a strong count : acting 
effect on creep resistance. In a; ent 
with former literature statements was 
found that the annealing of cold drawn 
zinc alloys improves their load-< rrying 
ability. 

As to alloy additions, nickel oves 
the creep resistance of 99.99% Zn only in 
amounts higher than 0.5%, while 0.03% 
Mg is twice as effective. With a | alloy 
of 4% Cu, 0.2% Al, bal. zinc, drastic 
improvement in creep resistance was 
achieved by adding 0.04% Mg. Lithium 


has a similar though les@ pronounced 
effect. Manganese additions exceeding 0.5% 
and also nickel cause marked improvement, 
while iron has but a mild effect, unless 
in the presence of manganese. Cadmium, 
sodium or potassium offer no advantage. 

The authors recommend for maximum 
creep resistance the use of a maximum 
extrusion temperature of 600° and 715° F., 
respectively for aluminum- and copper-bear- 
ing zinc alloys; the use of extrusion speeds 
of about 1-2 m./min.; the development of a 
grain size of 300u"; the use of copper-bear- 
ing zinc alloys in the cold-worked state 
(15% reduction) followed by annealing at 
700° F.; the use of aluminum-bearing zinc 
alloys in the extruded state together with 
additions of magnesium (0.04%), lithium 
(0.05-0.15% ), and manganese (0.5-0.8%). 

Somewhat similar results were obtained 
by K. L6HBERG & F. WoLLBANK (‘‘Harte- 
Kriechversuche an Zinklegierungen, lbid., 
Dec. 1940, pp. 419-424), who used as 4 
measure of “creep resistance” the penetra- 
tion speed of a 2.5 min. steel ball at 31.25 
kg. load during a testing time of 20 min. 
Most of the tests were made at room 
temperatures; some parallel tests at 200 
F. showed the results to be along the same 
lines. Better results were obtained with 
ternary zinc-aluminum-copper alloys than 
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with binary zinc alloys. The beneficial 
effect of magnesium. additions was noted, 
as was the deleterious influence of in- 
creasing cold work on the binary zinc- 


sJuminum alloys. According to these au- re 
thors coarse recrystallization does not affect | 
the creep characteristics. g | 


Electrical Conductors 
A wealth of data on the properties ot 


zinc and its alloys of interest to the elec- 

trical industry 1s given by C. HAASE & F. : 

PAWLEK (‘Zink und Zinklegierungen fir ae | 

Leitungszwecke, [bid., Oct. 1940, pp. 327- te | 


335) and considerable information on Ger- 
man practical experience with such appli- 


; found in the discussion (Ibid., é : : 
ge gow ee a specialty with 


hrittlement of zinc are still encountered 4 
with high purity zinc at about 200° F., 

but in contradistinction to World War I NN 

alloys modern high purity zinc and _ its 


illoys are safe for service in steam at- 
mospheres, and are not nearly sO subject 





to intercrystalline corrosion. 
The conductivity of zinc, which is 4 
that of copper and Y4 that of aluminum, 
does not drop sharply with small addi- 
tions of other metals, as copper does. The 
strength of 99.99% pure zinc is small, yet 
greater than that of soft or half-hard alumi- 
num used for insulated cables. Contami- 
nations of the order of 0.1% in “pure” 
zinc | it harder than annealed copper. 
A ful and critical comparison of 
99.9% zinc, 99 Zn/1 Al and 96 Zn : 
4 Al luminum indicates that the 99 Cast steel Guide 
Zn/1 oy is suitable as conductor ma- Vane made by 
terial ad wires, bus bars, etc., but Standard foranl.P. 
for ot eavier duty purposes zinc and St Paching. 
its al e unsuitable because of their 
low < tivity and low creep strength. 
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Copper-Nickel Alloys in Seawater 





[AVIOR OF NICKEL-COPPER 
\ SEA sao sag Pe De yk 
( Co.) J. Am. Soc. Naval 
53, No. 1, Feb. 1941, pp. - . . 
9-64. Review. tandard is equipped to supply steel cast- 
M. osion tests are cited under re : " 
both ry and outdoor exposure con- ings of unusual size and shape to suit 
dition ich a series of copper-nickel 
alloys pared with pure copper and . 
nickel the same conditions. It is usu- your req irements. 
al for rrosion resistance to increase 
with t ent of added nickel. In most j i 
oll Ni, 30: alloy (Monel) | The acid open hearth steel is produced 
is mi stant, ut occasionally pure » 
nickel slightly higher in corrosion in Standard’s furnaces under the control 
resistan The high resistance of nickel- 
copper ys to impingement attack, such : . 
Sraicurs 1 comieaaeace aaa. | of trained metallurgists. 
~ of is noted for the applications 
made of 10-30 alloy i any large pas- , } 
iar shi any 0 eney large ges Standard’s long experience and expert 
The problem of protecting ships bottoms 
against f 


against fouling by marine growths is indi- personnel is reflected in the high quality 


that follows the copper content 
tather c! Where the copper content . 
Is 60% | re the concentration of copper of its products. 
salts is sufhicient to prevent the growth of 
ag een etc., and when the copper drops 
0 Delow 50% ouly ; sLely a 
For copper faim Sor Bamges pag =~ CASTINGS « FORGINGS + WELDLESS RINGS+WROUGHT STEEL WHEELS 
the alloy is anti-fouling if the conditions 
of service are such as to corrode the alloy | S T A N 1) A R D S T E E L W 0 R 4 S 
at a fast enough rate to supply the amount | 
oF copper salts required for protection; on . 
the other hand, the anti-fouling character- 
istics of the alloys containing around 30% 
Ni are not associated with distinctive rates 
of COrrosion. 

The pitting type of corrosion attack is 
Particularly troublesome whenever it occurs. 
Semtlbility to this type of attack in- 
ak 1 with the nickel content of copper- 

€l alloys, with the exception of the 
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OXYGEN FREE HIGH CONDUCTIVITY 


ft Superior Copper 


FOR ALL PURPOSES 


OFHC Copper conforms to the A.S.T.M. Specifica- 
tion for electrolytic copper wirebars, cakes, etc., 
B5-27 with regard to metal content and resistivity, 
and is free from cuprous oxide. 








OFHC Copper is characterized by its freedom from 
casting defects and its bar-for-bar uniformity. Its 
freedom from oxygen results in great ductility and 
toughness as evidenced by its high reduction of area 
and resistance to impact. 


OFHC Copper withstands more working in hard 
condition when tensile strength is greatest, making 
it especially suited for products subjected to severe 
fabricating or service conditions. 


OFHC 


REG. U.S. PAT. OFF. 


























CLOTHES MARE THE IRON 


Whether it’s silk, wool or 
cotton that’s to be ironed, 
this General Electric 
“Moderne” Iron reaches 


Thermometals to provide 
absolute accuracy of tem- 
perature control (or re- 
action from temperature 








STRONG © TOUGH ® ELASTIC 
RESISTANT TO CORROSION 


ELEPHANT BRAND, a standard for over 65 years, contains 
nothing but Virgin metals, carefully selected for the alloy. It 
is durable . . . it is » 

reliable . . . has high 
fatigue limit. . - and 
is strong and tough, 
yet elastic. But, above 
alll, it resists the cor- 
rosive action of both 
salt and fresh water 
moisture. 


Of its many grades, 
there is one perfect- 
ly suited to your pur- 
pose. And, as the 
first producers of 
Phosphor Bronze in 
America, we are fully 
equipped to supply 
authoritative informa- 
tion and close coop- 
eration in determin- 
ing the proper grade 
for your needs. 


ees ELEPHANT BRAND 
Same §6PHOSPHOR BRONZE 


| RODS ¢ CASTINGS ®¢ BUSHINGS 
WIRE © SHEETS © INGOTS © ROPE 


PHOSPHOR BRONZE 


EEE 





The Phosphor Bronze Smelting Co. 


2208 Washington Ave., Philadelphia, Pa. 


“Original Manufacturers of Phosphor Br 
in the U. S. A. Established 1874” 


































400 ROOMS 
400 BATHS 
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and maintains exact tem- 
perature required. Uni- 
form sensitivity to tem- 
perature change is as- 
sured by Wilco Thermo- 
metals (thermostatic bi- 
metals) while dependable 
“on and off” action is 
provided by Wilco Elec- 
trical Contacts. 

For defense work — for 
commercial work—you 
can depend on Wilco 


change); and Wilco 
Electrical Contacts to 
provide dependable serv- 
ice. Every Wilco order is 
supervised personally — 
assurance your shipments 
will arrive “as specified.” 
Write The H. A. Wilson 
Co., 105 Chestnut St., 
Newark, N. J. Branches: 
Chicago and Detroit. 


Now ore than ever 


WILSON GO. 








ROOMS NOW $3.50 up 


4 air-conditioned restaurants 











Banquet facilities 
Sample rooms 


HOTEL 


ADELPHIA 


CHESTNUT AT 13TH ST. 
Nearest Everything 
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70% Cu, 30 Ni alloy. The latter does not 
have complete resistance to pitting, but 

‘ts start they tend to widen out 
eer th in deepen. Of the entire series, 
are co the greatest tendency toward 
vitting and copper the least. 

The possibility for oxygen or pages 
tion cells to form under a 
by an attached marine organism 1s like y 
particularly when the organism 1s “es and 
supplies sulphur compounds a : — 
decomposition. For the higher nickel al- 


loys, which are not anti-fouling, this local 
attack under the marine organism may be 
expected 


Waterline attack on copper is severe and 
per-nickel alloys with nickel in ex- 
it is practically negligible. 
Service data on the 70% Cu, 30 Ni alloy as 
sheathing for ships indicates its entire mer 
ability for such use Selective attack se 
as occurs in the dezincification of copper- 
ric alloys does not occur with copper-nick- 
el alloys and the addition of 4% Ni - 
copper-zin with 60/40 ratio. makes the 
latter not susceptible to dezincification. 


The galvanic relationships of a series of 


on cop 
cess of 50% 


metals and alloys are discussed with a tabu- 
lation fr inother publication and a curve 
from wl serviceable combinations can 
be selected for use im seawater. The in- 
tensity of galvanic effect is determined 
by the | tial developed by the galvanic 
couple, polarization characteristics 
of the ind by several other factors, 
such as e areas exposed. It appears 
to be ur generally to combine mate- 
rials wl area of the material higher 
in the § series is relatively small 
compare it of the material lower in 
the seric WB (3b) 


Aluminum-base Dental Alloys 


Mec! PROPERTIES AND CORROSION 
STAB DenTAL ALLoy BASED ON 
Hic ALUMINUM (“‘Festigkeits- 
eiget ind chemische Bestandig- 
keit if Reinstaluminiumbases 
entw iminiumlegierung fiir die 
Zaht ’ Kurt RosentHAL & 
Wer? rn. Z. Metallkunde, Vol. 
32, | p. 348-355. Original re- 
search. 

Alum: e dental alloys are not new, 
but theirs pment received a new im- 
petus wit! production of aluminum of 
highest p nd of increased corrosion 
resistance 

The aut! ave developed a precipita- 
tion-harden lental alloy made of ultra- 
high purity minum to which is added 
0.8% Si, 0 Mg and 0.2 Ti. The pres- 
ence of titanium refines the grain markedly 
and raises the hardness but slightly; cor- 
rosion resistat is appreciably improved, 
aS measured in the standard (German) 
dental alloy corrodant of 1% lactic acid + 
9.25% sodium chloride. 


The alloy is salt-bath-annealed at 985°- 
1060° F. for 5 min. (or 15 min. in air) 
and water-quenched. Aging at room tem- 
perature or hardening for 2 hrs. at 355° F. 
is recommended. Solution-annealing and 
quenching induces a high corrosion stabil- 
ity, which is impaired but slightly by pre- 
cipitation-hardening. 

Increasing the iron content to more than 
0.02% entails a considerable loss of cor- 
rosion resistance, and in particular leads to 
the occurrence of intercrystalline corrosion 
in castings. The wrought alloys are more 
Stable than cast, Great variations in the 
Corrosion weight losses were observed de- 
fading on the kind of lactic acid used. 
enna rness of almost 100 and tensile 

rengths of about 42,000 Ibs./in. were ob- 
tained on the hardened alloys. EF (3b) 
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SYMBOLS of DEFENSE 


RED KEYSTONE is the In France during World 
| eA ab te War I the men from the 
of the 28th Division, Penn- Iron Division, as it was 
sylvania National Guard, called, fought on five 
now in training at the fronts. At Chateau Thierry, 
camp just completed at  Baslieux and in the Forest 
Indiantown Gap, Pennsyl- of the Argonne they re- 
vania. Here, under the peatedly formed an effec- 
leadership of Major Gen- tive spearhead of the 
eral Edward Martin, they American advance. 
are being molded into a During their service of 
fighting outfit which will 102 days in the front line 
carry on the fine traditions they lost 14,139 men killed 
of the Division. and wounded. 





PEARHEAD of American defense industries in their 

fight against corrosion is this famous “18 and 8” 
Columbium bearing alloy of the Lebanon Steel Foundry. 
With a carbon maximum of only .07, readily obtained 
by Lebanon’s modern induction type furnaces, its Co- 
lumbium content is ten times carbon. Circle L 21 is 
particularly suitable for use in welded assemblies be- 
cause subsequent heat-treatment is not necessary to 
prevent corrosion at the welds. Circle L 21 meets the 
U. S. Navy’s specific corrosion requirements, in accord- 
ance with Specification 46-S-27 Grade 1 Welding. 


\ LEBANON STEEL FOUNDRY « LEBANON, PA. 


ORIGINAL AMERICAN LICENSEE GEORGE FISCHER (swiss CHAMoTTE) METHOD LA 
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Physical and Mechanical Property Testing and In- 
spection. Routine Control and Instrumentation, X-ray 
and Magnetic Inspection. Spectrographic and Photo- 


elastic Analysis. 


Corrosion. and Wear-Testing. 


Ex- 


amination of Coatings, Surface Measurements. Metal- 
lographic Structure and Constitution. 


Electro-Etching Magnesium Alloys 


An Exvectrotytic ErcH1nGc METHOD FOR 
Wroucut MacGnestum AtLoys (“Ein 
elektrolytisches Atzverfahren fur Mag- 
nesium - Knetlegierungen’’) RICHARD 
Mecuer. Z. Metallkunde, Vol. 33, Jan. 
1941, pp. 34-36. Descriptive. 


Standard etching methods given in the 


recently developed and complex magnesium 
alloys containing aluminum, zinc, cadmi- 
um and bismuth. Difficulties in polishing 
may be overcome by suspending magnesia 
in a 10% aqueous solution of concentrated 
sodium hydroxide. For the electrolytic 
etch, copper cathodes operating at 4 volts, 
0.53 amps./dm.* in an electrolyte of 10% 
NaOH. 


the polishing operation, otherwise th 
sample is washed in 10% NaOH then ig 
5% NaOH, followed by distilled water fo 
alcohol. The etching time varies de 2 
ing on the alloy (2-4 min.). -— 
_ A more uniform etch is obtained by add 
ing 0.06 mg. copper per 1 cc. electro} te. 
In all cases the cathode must be la 
than the sample to be etched. Although he 
standard 0.5% alcoholic nitric acid pos 
tion yields good results on the standard 
magnesium alloys containing aluminum or 
manganese, the electrolytic etch presents g 
new effect as it attacks the grain in a 
manner similar to macroscopic etching. It 
is particularly adapted to the Study of 
welds in magnesium alloys. EF (4) 


X-Ray Diffraction and Fatigue 


“X-RAY STUDY OF THE CHANGES THAT 

OccurR IN ALUMINUM DwuRING THE 

Process oF Faticuinc.” R. G. Spencer 

& J. W. Marswatt (Albion College) 

J. Applied Physics, Vol. 12, Mar. 1941, 
pp. 191-196. Experimental. 


Fatigue specimens prepared from 17§.T 
aluminum alloy were studied with FeK 
radiation at or near one particular spot in 
each specimen after subjecting the speci- 
men to increasing amounts of cyclic stress 
of chosen value. Some 30 test bars were 
studied and the chosen stress values ranged 
from 11,000 Ibs./in.* to 32,000 Ibs./in? 
(The rated endurance limit of the alloy 
used is about 13,000 lbs./in® at 10° cycles.) 

From their results the authors conclude: 
Fatigue failure of 17S-T is preceded by 
fatigue damage that may be detected in the 
X-ray diffraction pattern, contrary to the 
results of Kies and Quick (Nu. Adv. 


Comm. Aeronautics, 


Reprint No. 659, 


literature are often impractical on the more The etching must immediately follow 1939), most of the detectable change oc- 


HIGH TEMPERATURES == 


for testing up to 2500° F. 


aA A 


This is the ‘“‘WONDER FURNACE” 
for small work or small laboratories. 
Chamber—4’ w. 7” d.—Temp. 2500° F. 


Check squares below and mail today! 
TECHNICAL 


BURREL SUPPLY CO. 


1940 Fifth Avenue, Pittsburgh, Pa. 

















@ Big Chamber-— 
4” w.—7” d.—31/2" h. 
Some Suggested Uses 








Technical Research 
Heat Treating 
Cement Sintering 
Glaze Testing Tool Hardening 
Ceramic Firing College Work 
Glass “Melts” in Platinum Foil 


Alumina I gnitions 
Chemical Fusions 
Insulation Proving 














BURRELL A37-420 

















SEND QUOTATION for the 
LITTLE GIANT & PYROMETER 


SEND BULLETIN 83-01 
ON H. T. TUBE FURNACES 
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METALS AND ALLOYS 





SOUTHWARK-EMERY Testing Machines are in wide- 
spread use throughout the country—in universities and in industry 
alike. Seventy-eight of these machines are now being used by 55 
leading colleges @ Simple to operate, versatile in application, 
Southwark-Emery testing machines offer you unsurpassed accu- 
racy and sensitivity @ Products of research, Southwark-Emery 
testing machines incorporate the most recent and most important 
developments in physical testing equipment @ Baldwin Southwark 
Division, The Baldwin Locomotive Works, Philadelphia; Pacific 
Coast Representative, The Pelton Water Wheel Co., San Francisco. 
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curs in a small fatigue range immediately 
preceding failure. 

Changes are not observed when the ap- 
plied stress is below the fatigue limit—a 
view that is not supported by Barrett (see 
METALS AND ALLoys, Vol. 8, Jan. 1937, 


pp. 13-21). Repeated cyclic stress starts 
intercrystalline weakness, leading to failure. 


HFK (4) 


Spectrography of Zinc, Aluminum 


A Composite 


Spectrographic complications introduced 
in. zinc alloys by their aluminum content, 
and in aluminum alloys by the zinc present, 
have been separately attacked by 2 German 
workers and the results can be appropri 
ately summarized together 

The interfering effect of aluminum in 
the spectroscopic analysis of zinc alloys 
was studied, and ameliorating conditions 
suggested by F. WOLLBANK & G. LUEG 
(‘“Verfeinerung der Spektralanalyse von 
Feinzinklegierungen,’ Z. Metallkunde, Vol. 
32, Dec. 1940, pp. 430-436). The analytical 
results become more reliable the greater 
the size of the condenser used and the lower 
the self-induction; this holds for alumi- 
num-contents of 2-13%. Difficulties were 
still encountered in zinc alloys containing 
0.5-2% Al. No complication is introduced 
by copper (tested up to 6%) and magne- 
sium (0.1%) 

A detailed analytical procedure has been 
worked out for alloy additions used in 
commercial aluminum-bearing zinc alloys 
For the determination of “‘traces,”’ the ap- 
plication of high self-inductions in the 
discharge circuit offers the greatest sensi- 
tivity. It is even possible reliably to de- 
termine contaminations at concentrations 
that are below the harmful range in com- 


mercial alloys. Such a determination of 
traces’ may be combined in one operation 
with a complete quantitative analysis if 
the aluminum content is higher than 6% 
and if it does not vary greatly. Remark- 
able simplification of the control analysis 
procedure for the standard zinc alloy 
‘“Zamak-beta” (10% Al, 1 Cu) has been 
developed. 

The foregoing authors demonstrated 
among other things that about 1% Zn in 
aluminum alloys affects the aluminum spec- 
trum. A new method for the spectro- 
graphic analysis of aluminum alloys in 
which the interfering effect of zinc is elim- 
inated is reported by A. BEERWALD & W. 
BRAUER (“Ueber die Spektralanalyse der 
Aluminiumlegierungen,”’ Jbid., Vol. 33, 
Jan. 1941, pp. 44-45). 

The method comprises dissolving one 
gram of the alloy in 100 cc. of an HCl 
solution, and impregnating a carbon elec- 
trode with this solution by means of a 
platinum wire loop. The accuracy for 3 
different pairs of lines from an aluminum 
alloy with 9% Mg was determined and 
showed the best results for Mg 2780/ 
Al 2660 m = + 3%. EF (4) 


Magnaflux Testing 


““MAGNAFLUX INDICATIONS RATED BY 


Proposep Metuop.” S.A.E. Journal, 
Vol. 48, Jan. 1941, pp. 18-19. Descrip- 
tive. 


Proposed §S.A.E. recommended practice 
for expressing and recording magnaflux pat- 
terns have been submitted by the Iron and 
Steel Division of the S.A.E. Standards 
Committee. The system is a simple code 
whereby the number, length and distri- 
bution of magnaflux lines may be expressed 





The KING 








Throat 4” deep 
Gap 10” high 
Weight 26 Ibs. 


MAKES A REAL 
BRINELL TEST 





Puts an actual load of 
3000 kg. on a 10mm 
ball. 


Can be used in any position. 


NARBERTH, PA. 





PORTABLE 
BRINELL 


For Portable & Stationary Use 





Test head removable from base for testing parts 
larger than the capacity of the standard base. 











on the basis of a sq. ft. of surf. 

amined, regardless of. the size Tak m3 
For convenience in handling and connate 
the sample should be not less than 5 = 
long. « 

The system is not intended as a direct 
index of quality, but rather as a Shorthand 
description of the indications observed 
Code factors are (1) the total number of 
lines per ft.; (2) aggregate length of all 
lines per ft.” to nearest in.; (3) length of 
longest single line to nearest 0.1 in - and 
(4) letters indicating uniformity of dis- 
tribution. A indicates uniform distriby. 
tion; B, a slight tendency toward group- 
ing; C, an arrangement of discernible 
groups; and D, well defined or concentrated 
groups or clusters. 

To distinguish indications of exception- 
ally heavy nature, H may be added to the 
figure for item (3). If average lines 
rather than only the longest line is heavy 
H may be added to the figure for iten, 
(2). Indications of “pepper-and-salt” na. 
ture less than 0.1 in. long are not to be 
counted as lines but are regarded as back. 
ground and, unless in large numbers, will 
be disregarded. When in large numbers. 
their presence will be mentioned after the 
items by appropriate descriptive words, 

Where indications of less than 0.1 in. 
long occur in “‘ranks’’ or strung out end to 
end, they will be counted as lines when- 
ever spaces between them are less than 0.1 
in. across. When interruptions are more 
than 0.1 in. across, these short in 
will be disregarded. 

As an example, a 6 x 6 in. sample has 


cations 


42 lines. As the area of the sample js 
\, ft.2, the total number of lines per ft? 
is 168. The total length of all the lines 
on the surface of the sample is 5 in., mak- 
ing the aggregate length per ft 0 in. 












HOTEL HOLLENDEN 


So Colcustens 
THE NEIL HOUSE 
In Akron 
THE MAYFLOWER 


In Lancstien, 0. 
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In Corning, N.Y. 
BARON STEUBEN HOTEL 


THE HOTELS THAT CHECK WITH EVERY TRAVEL STANDARD 


ANDREW KING > 


THEODORE Dewi'lTT 
President 
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BOX 3155 





Grind-Polish 


METALLURGICAL 
SPECIMENS 


with 
STONES! 








Using stone laps, the Jarrett Polishing Machine produces 
highly finished, flat specimens in a matter of minutes. 
By means of special holders, it is possible to polish up 
to 180 sheet specimens at once. 


The machine itself is not only a remarkable time-saver, 
but the simplified and improved technique developed 
for its use enables even inexperienced operators to 
turn out large quantities of specimens of a uniformly 


VRITE FOR THE NEW CATALOG WHICH DESCRIBES 
THIS MODERN METHOD OF POLISHING 


TRACY C. 


METALLURGICAL POLISHING EQUIPMENT 
CATONSVILLE, MD. 


JARRETT 














THE BEST INDUSTRIAL FURNACES MADE 


IT’S AMAZING HOW MUCH MONEY CAN 
BE SAVED WITH MODERN HEAT 
TREATING EQUIPMENT 



















Industrial Furnaces of All Kinds 


Forging, Heat Treating, Metal Melting, etc. 
Car Type Furnaces, Conveyor Furnaces, 
and the Stewart Gasifier. 


A Stewart representative is located near you. Let us 
know and we will see that he gets in touch with 
you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 

1103 South Central Avenue, Chicago, U. 5S. A. 
FLEXIBLE SHAFT CO., Ltd., 321 Weston Rd., S., Toronto, Ontario, Can. 
Eastern Branch Office: 11 W. 42nd St., New York, N.Y. 


——_——Thickness of Coatings on Metals———— 
Now Measured 
Rapidly and Non-destructively 


AMINCO-BRENNER 


MAGNE-GAGE 


Measures Thickness of: 


Magnetic Coatings on Non-magnetic Base Metals 
Non-magnetic Coatings on Magnetic Base Metals 
Nickel Coatings on Iron or Steel 


RAPID . .. permits testing UNIVERSAL... applicable 
of a large number of to plane, convex or con- 
specimens at low cost, cave surfaces, 
with INGe experience. COMPACT . . . PORTABLE 

NON-DESTRUCTIVE ... will . , « weighs only 7% Ibs. 


not injure the coating or 
the base metal, thus ef- Ideal for Works Control or 
fecting great savings. Acceptance Testing 


Write for Bulletin MA 2070 



















AMERICAN INSTRUMENT CO. 


8010 GEORGIA AVENUE - SILVER SPRING, MARYLAND 
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MECHANICAL INSTRUMENT CO. INC 
+ Concord Avenue, N. Y. City 








The longest line is approximately *4 in., 


making this item 0.7. If this line were 
heavy, this item would read 0.7 H. The 
lines are arranged in distinct groups, so 
that C is used to describe the distribution 
of the lines. Thus, the code number would 
be 168-20-0.7 H-C. 

The general recommendations include 
that the standard of acceptance or rejec- 
tion of material should be a matter of 
agreement between producer and user; the 
method of testing should be representative 
of the wet continuous method; not less 
than 700 and not more than 1200 amp. 
d.c. per in. sample diameter should be used, 
and, in no case, should the amount of cur- 
rent used be enough to indicate the flow 
lines if such are present; not more than 3 
shots should be used 

In addition, it is recommended that the 
relay timing should be 1/5-'Y% sec. pet 
“shot’’; the entire testing operation should 
consume 3-5 sec.; when using the flowing- 
on method of applying the vehicle con- 
taining the magnetic substance, the appli- 
cation should not continue after cessation 
of current flow; a uniform suspension of 
magnetic substance in the vehicle should be 
maintained; concentration of the magnetic 
substance in the vehicle should be main- 
tained between 1% and 134%4% maximum; 
and the specimen to be tested and examined 
should be as representative as is practicable 
of the finished part 

It is particularly important that the di- 
ameter be approximately that of the finished 
part, unless otherwise agreed between pro- 
ducer and user; the sample should be heat 
treated or otherwise prepared to simulate 
the properties and condition of the finished 
part and have a turned or otherwise pre- 
pared finish at least equivalent to 20 micro- 
in. (r.m.s.); and in all cases the sample 
Should have a machining operation sufh- 
cient to remove all surface defects result- 
ing from forging, rolling, heat treating, 
etc. MS (4) 


Scratch Hardness Testing 


ScRATCH Harpness 1n C-G-S Units 
(“Die Ritzharte in c-g-s Einheiten”’ 
WotrGcanc Enrensperc. Z. Metallkunde, 
Vol 3, lan 1941, pp 22-23: ilso 
CUANTITATIVI RELATIONS BETWEEN 


HARDNESS AND PENETRATION 
(“Ouantitative 
Ritzharte und 


SCRATCH 
HARDNESS Beziehungen 

Druckharte” ) 
a 


bid., pp. 23-24. Original research. 


zwischen 


Scratch hardness is related to workability 
and wear resistance. The author attempts 
to correlate penetration hardness and scratch 
hardness by expressing the lIstter as the 
load per unit of gliding surface, just as 
penetration hardness is expressed as load 
per unit of indentation area. Hitherto it 
has been possible only to compare different 
kinds of scratch hardnesses one with an- 
other, but in this work scratch hardness 
tor the first time has been quantitatively 
correlated with penetration hardness. 

Experiments were made on different fer- 
rous and non-ferrous materials, glass, etc. 
using (a) a ball of 8 mm. diam., (b) 
a cone with 120° tip, (c) a triangular 
pyramid with 150° top angles. The loads 
applied ranged between 114 and 10 kg. 

For this load range, penetration and 
scratch hardnesses yielded practically the 
same results for (b) and (c) with ref- 
erence to all metallic materials tested, /.e. 
steel, iron, aluminum and magnesium alloys 
Using the 8 mm. ball, an agreement be- 
tween both types of hardness was found 
only for soft materials like pure aluminum, 
and magnesium alloy. For hard materials 
like duralumin, steel and iron, the scratch 
hardness was about twice as high as the 
penetration hardness. 
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The usefulness of scratch hardness tests 
is shown by the fact that heat treatments of 
steel may double its Brinell hardness, while 
the wear resistance actually decreases, 
whereas scratch hardness tests rate the sur- 
faces according to their actual wear resis- 
tance. 

A number of aluminum- and magnesium- 


alloys—plain, clad or surface-treated—hard 


and soft lead-bearing alloys, electrolytic 
chromium-platings, 2 kinds of glass and 
lacquer coatings on light metals were tested 
by the indentation and scratch hardness 
methods in relation to loads varying be- 
tween 5 and 1000 g. The standard 
Martens scratch hardness tester was used 
for the load range 5-50 g. A diamond cone 
with a 120° tip was employed 


At higher loads, the scratch hardnesses 
are slightly higher than the penetration 
hardness values, but approach each other 
with decreasing loads and then differ widely 
at very small loads. Scratch hardness is 
obviously greatly affected by the grain size. 
If the depth of penetration becomes smaller 
than the grain diameter, the scratch hard- 
ness tends toward higher values, while the 
penetration hardness tends toward lower 
ones. 


The scratch hardness of surface-treated 
aluminum- and magnesium-alloys naturally 
depends on the treatment, some of which 
greatly reduce the strength of the surface 
layers EF (4) 


Close Temperature Control 


MopERN REFINEMENTS FOR ACCURATE 
THERMO-ELEcCTRIC TEMPERATURE MEAs- 
UREMENT, RECORDING AND CONTROL FOR 
INDUSTRIAL PURPOSES AND RESEARCH 
(“Ueber neue Gerate zur genauen 
thermoelektrischen Temperaturmessung, 
Aufzeichnung und Regelung fiir In 
dustriebetrieb und Forschung’’) Ernst 
Wersse. Z. Metallkunde, Vol. 33, Jan. 
1941, pp. 1-13. Descriptive. 


The development of precipitation-harden- 
ing alloys in recent years has increased 
the requirements for accurate temperature 
control to within 3° or 5° F. in the shop. 
Also in the research laboratory, there is 
a demand for an instrument for temperature 
measurement and control that permits the 
recording of rapid temperature changes with 
the highest degree of accuracy. 

The author feels that temperature measur- 
ing instruments available at present do not 
fully meet these requirements. He reviews 
the methods and equipment for thermo- 
electric measurements, including important 
American developments, and reports his 
own experience with an automatic com- 
pensator in a temperature recorder. Liter- 
ature statements regarding the changes of 
e.m.f. on long heating times are in disa- 
greement, excepting for the noble metals. 

Recent iridium - ruthenium / iridium - 
rhodium thermo-couples have pushed the 
temperature range to 3800° F. The em- 
brittlement of the nickel-leg of nickel 
nickel-chromium couples can be avoided 
by an alloy addition of aluminum [resa/t; 
the Chromel-Alumel couple}. Gas ab- 
sorption of the iron-leg in iron/constantan 
couples causes changes of e.m.f. The 
trend has been toward noble metal couples 
with lower e.m.f.’s and thus, more ex- 
pensive instruments. Some 22 diagrams 
showing the wiring of instruments for 


temperature measurement and control are 
discussed at length and somewhat critically. 


As a step forward, the application of a 
photocell compensator is emphasized which 
“in comparison with American and Eng- 
lish instruments, which incorporate a great 





number of mechanically-actuated parts and 
switch members, is surprisingly simple.” 


{ American-made control instrument; Oper 
ating on an electronic, no-contact hasis 
have been available for some time — 


F.P.P.} By using a dotted-curve recorder 
a recording accuracy of 0.3% with an ad. 
justing time of 3 sec. has been attaineg 
The author describes his installation a+ 
the Technische Hochschule, Berlin and jt: 
application to a thermal analysis of ternary 
aluminum-nickel-silicon alloys, showing a 
response to minute thermal effects 


EF (4) 


Sheet Steel Thickness Gage 


‘A GaGE FOR MEASURING THE Tuic} 

NESS OF SHEET STEEL.””’ B. M. Smits 

& W. E. Assotr (Gen. Elec. Co.) 

rctec. Keview, Vol 14. Feb. 1941. 
190 197 
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25-127. Descriptive. 


Measuring the thickness of sheet steel 
from one side only has been made possible 
by a new magnetic thickness gage. With it, 
thickness measurements of large magnetic 
Sheets is a simple process—the operator 
need only place the gage head on the sheet 
or slide it over the surface, noting the 
reading indicated on an electrical instru- 
ment calibrated in thickness units. 


The gage consists of an indicating unit 
and the gage head. Power is supplied 
through a lead to the indicating unit, which 
is connected to the gage head by means of 
another flexible lead. The indicating in- 
strument is ordinarily furnished with a 


double scale; one scale (20-45 mils) is 
calibrated for low-carbon steels, eit hot- 
or cold-rolled, and the other (10- nils) 
for magnetic sheets of medium silicon 
content. Special scales can be furnished 
for other metals having different saturation 
characteristics. 

The gage is portable and easy to /iandle. 
The indicating instrument meas ap- 
proximately 7 x 6 x 6 in. The total weight 
is only 734 lbs. of which the gag: head 
represents 34, lb. Sheets of any s can 
be measured for thickness, and th gage 
can be adapted to measuring the w: ick- 
ness of pipes. 

The gage is calibrated to cove ose 
grades of sheet steel most commonl) used. 
It must be recalibrated for any gr: ie in 


which the magnetic saturation differs creat- 
ly from that for which the instrum:nt is 
calibrated. Thickness standards are furnish- 
ed for checking the calibration of cach 
scale. The standards are normally 1+ and 
25 mils thick for the silicon steel and 20 
and 45 mils thick for the cold-rolled steel. 
The calibration may also be checked by 
comparison with a caliper-type gage. 

The accuracy of the standard g: is 
within approximately 1 mil on the 10- to 
25-mil scale and 2 mils on the 20- to 45- 
mil scale. In comparing one part of a sheet 
with another or in comparing sheets of 
the same grade the accuracy is within 0.5 
mil. The precision of the gage is limited 
only insofar as the magnetic properties of 
the steel vary near saturation. 


Since the measurement is an average of 
the thiekness of the material under the edge 
of the center pole of the measuring head, 
where the flux density is maximum, it 1S 
apparent that the measuring head must 
make close contact with the sheet. However, 
a non-magnetic coating on the sheet intro- 
duces an error in the thickness reading 
less than the thickness of the coating it- 
self. Accuracy is sacrificed if the gage head 
is closer than ¥ in. to the edge of the 
sheet, or if the sheet is backed up by other 
magnetic material. (4) 
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ERE is a typical control board devel- 

oped by Westinghouse for industrial 
x-ray examination of welds, castings and 
completed assemblies. It looks simple—and 
it is: simple to operate, with every factor 
that enters into the production of good 
radiographs at your finger tips, accurately 
controlled and accurately recorded. 

But step’ behind the board! Examine the 
row of finely balanced relays, like soldiers 
on parade. They snap into action at the 
touch of a button and apply high voltage 
to the x-ray tube in quick, automatic, 
graduated steps to prevent the shock of 
sudden impact. De-ion breakers extinguish 
the arc almost before it has had a chance to 
form, which means absolute exactness of 


exposure. The over-size auto-transformer 
governs the kilovoltage within small steps. 
The filament temperature regulator holds 
the current constant over the entire range! 

They are excellent examples of how 
Westinghouse equipment provides the flex- 
ibility and accuracy so vital to the routine 
production of consistently good, industrial 
x-ray films. 

e e * 
Westinghouse has just prepared a new 
technical release. Its many sections cover 
with unusual thoroughness all aspects of 
industrial x-ray examination. If you care 
to let us know your inspection problems we 
shall be glad to send you a copy, promptly 
and without obligation. 


WESTINGHOUSE ELECTRIC & MANUFACTURING CO. 
WESTINGHOUSE X-RAY DIVISION, LONG 


BEHIND 
THIS BOARD 


ISLAND CITY, N. Y. 













By Edwin F. Cone, Editor 


Expansion in Welding 


National defense could never reach its goal without the 
welding industry, said K. L. Hansen, consulting engineer 
with the Harnischfeger Corp., in a recent address. ‘Some 
manufacturers of metal products now providing material for 
the Government employ thousands of welders. Every ar- 
senal in the United States has full welding equipment. In 
fact, welding has grown in 23 yrs. to be one of the most 
important tools in modern production,” he said. 


lron Ore for Germany 


The iron and steel industry of Germany has been greatly 
strengthened in the last year, according to the Department 
of Commerce, which cites German press reports. The 
Continental ore situation has been changed as a result of 
the Norwegian campaign, the acquisition of Lorraine and 
the relations with Luxemburg. Ore reserves within Ger- 
many have been developed so that the goal of the Four- 
Year Plan of 25,700,000 metric tons has been reached. 


lron and Steel Imports 


Only 406 tons of iron and steel were imported into the 
United States in January—a new low record, says the 
Bureau of Foreign and Domestic Commerce. Sweden, with 
a total of 226 tons, was the chief source, mostly flat wire 
and strip steel. 


A. F. A. Chapters 


One of the important trends in the progress of the 
American Foundrymen’s Association has been the estab- 
lishing of local chapters since the founding of the first 
one in Chicago in 1934. The 20th chapter in Western 
Michigan was recently announced. 





Substitute for Aluminum Foil 


From many quarters one reads of proposed substitutes 
for some essential materials. The Reynolds Metals Co. 
the largest manufacturer of aluminum foil, announces a 
new product described as “Reynolds Plastic Finish,” pro. 
duced by “coating a highly calendered paper board with an 
aluminum powder compound made from scrap, covered 
with a clear or colored plastic finish.’ 


Tin 

The Tin Research Institute reports that world produc 
tion of tin for the first two months of this year was 35, 
200 tons against 30,800 tons for the same months in 1940 
United States deliveries for the same period this year were 
24,955 tons as compared with 16,380 tons last year to 
March 1. 


More Aluminum 


To meet the rapidly expanding demand for alumin 
the Reynolds Metal Co. will soon increase its total capa 
to 100,000 tons annually. The first plant at Shefheld, Ala 
with a capacity of 40,000 tons per year, is being suppl: 
mented by a 60,000-ton plant at Bonneville Dam. G 
ernment financing to a total of over $35,000,000 is involy 


Cuban Manganese Ore 


We are receiving from Cuba the largest amounts 
manganese ore in history. In the first 40 days of this y: 
imports were at the rate of about 145,000 tons per 
The 1940 volume was 130,645 tons. 


Manganese Ore 


An encouraging trend was the upswing in the impo 
of metallurgical manganese ore last year. Receipts for 
sumption were 1,254,588 gross tons against 627,131 tor 
in 1939. General imports were 1,268,153 gross tons 
compared with 698,490 tons in 1939. This ore is the bas 
of ferromanganese, essential in the manufacture of steel 


Tungsten 


+ 


A possibly encouraging report concerning our supply of 
tungsten, much of which is imported, comes from _ the 
Bureau of Mines. A discovery which may be of great 
importance is that, in the antimonial gold ore districts of 
Idaho, deposits of scheelite (a tungsten ore) have been 
uncovered which may prove a source of domestic tungsten. 


(Additional ““Trends” on page 660) 
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YOU CAN SAVE BY: 


. Less Machining Time. (Many types of Meehanite 
may be machined at higher speeds and feeds.) 





. Fewer Rejects. (Carefully regulated Meehanite 
foundry practice produces uniform, dense, and solid 
castings.) 


Higher Safety Factors. (Meehanite’s greater strength 
means better safety factors without design change, 
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permits section and weight reduction when desirable. ) 


MEEHANITE RESEARCH INSTITUTE 
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. Farrel-Birmingham Co., Inc. 


a Milwaukee, Wis.. 
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......The Cincinnati Milling Machine Co. Pittsburgh, Pa................ ....Meehanite Metal Corporation 

Wah ve sekeckveuen Fulton Foundry & Machine Co. Pittsburgh, Pa................. .Rosedale Foundry & Machine Co. 
ee ceeccesceeeeess The Stearns-Roger Mfg. Co. Rochester, N. Y...... fies 0 
> pint 00 bk kee eee Atlas Foundry Co. St. Louis, Mo.. ee A te ee ..Banner Iron Works 

cia sdia General Foundry & Mig. Company St. Paul, Minn. jekacete .Valley Iron Works 
..........Hamilton Foundry & Machine Co. London, Eng..... ‘The International Meechanite Metal Co., Ltd 
es os nate Barnett Foundry & Machine Co. Waterloo, N. S. w.. ........ Australian Meehanite Metal Co., Ltd. 





SET ee Kinney Iron Works 








(R. D. Wood Company, Selling Agents) 
: ..Warren Foundry & Pipe Corp. 


Johannesburg, South Africa, Meehanite Metal Co. (S.A.) (Pty.) Ltd. 


For specific information on proper- 

ties and applications, write for: 

@ Bulletin No. 9—'‘Machine Tool 
Castings'’ 

@ Bulletin No. 12—‘'Design with 
Confidence" 

@ Bulletin No. 13—'‘Meehanite in 
Industry" 

@ The Meehanite Wheel Chart 








Koehring Company | 


‘Cooper -Bessemrmer Corporation 


CotMOUe, GREE... 5... ww ecw cc eccsecens The Henry Perkins Co. New York, N. Y.. .. The American Brake Shoe & Foundry Co. 
ee ee .....Pohlman Foundry Co., Inc. Oakland, Calif. Pe ..Vulecan Foundry Company 
Charleston, W. Va.................. Kanawha Manufacturing Co. IL 55 vc vs'odbucegvAbaseees cb bbvedeaseme E. Long, Ltd. 
Chattanooga, Tenn......................Ross-Meehan Foundries Philadelphia, Pa... Florence Pipe Foundry & Machine Co., 
Chicago, M.......................... Greenlee Foundry Company 


OR RTO NGO | SOS om ep 














By Edwin F. Cone, Editor 


Substitutes for Priority Metals 


According to reports in the daily and technical press, 
there is a wide scramble for substitute materials for metals 
now on the priority list—aluminum, magnesium, zinc, nickel, 
certain alloy steels, and so on. The Ford Motor Co., as 
fast as parts are changed, displays the new ones alongside 
those they replaced. Changes already mapped out in the 
making of automobile parts will mean a saving of 80 
per cent nickel, 50 per cent in aluminum and 50 per cent 
in zinc In many cases the new parts are said to be better 
than the old. Magnesium is no longer used and 8 to 10 
iluminum tractor parts will be or are being replaced with 
iron and other ferrous materials. Steel stampings are re- 
placing zinc die castings and malleable castings for other 
parts. Plastics will replace zinc instrument panels, etc. 
and radiator shells will be made of copper instead of brass 


Open-Hearth Progress 


Discussing some of the changes that have taken place 
in open-hearth practice in the last 10 yrs., S. C. Davis 
in an article in the Aslantic Monthly for March, evidently 
on the authority of L. F. Reinartz, says that the average 
roof life of a furnace used to be 100 to 150 heats; it is 
now from 300 to 350 heats—reducing the cost of steel 
by $1 a ton. Where insulation has been applied generally 
below the charging floor level, a 5 per cent increase in 
melting area and a 7 per cent decrease in fuel consumption 
have resulted. 


More Electric Steel 


The new electric steel plant of the Copperweld Steel 
Co., Warren, Ohio, is acting 4 electric melting furnaces 
bringing its capacity to approximately 20,000 tons per 
month. The total number of furnaces in that plant will 
be 6 by May 1 
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Steel Casting Output 


Production of steel castings in 1940, according to the 
Department of Commerce, was 797,947 net tons as com- 
pared with 594,147 tons in 1939 and 342,737 tons in 1938 
It is stated that the average operation of the industry last 
year was 56.8 per cent of capacity with that for December 
at 73.3 per cent. This upward trend bids fair to be jn. 
tensified in 1941. 


Aluminum from Clay 


Aluminum from clay is a possibility, according to D. E 
Lilienthal, director, T.V.A. The practicability of the prox 
ess has already been proved, he claims, and he hopes that 
the production and cost ratio will be favorable. The new 
process might yield 1 ton of aluminum from 6 tons of 
clay containing 33 per cent Al—approximately the yield 
of bauxite ores of the same content, he alleges. Similar 
hopes, expressed by others, have not borne fruit. The 
technology can be licked more readily than the economics 


World Steel Output 


The output of steel in the world in 1940 is estimated 
at about 159,000,000 net tons—a new record—says th 
American Iron and Steel Institute. This total exceeds b 
about 6 per cent the previous record of 150,300,000 ton 
in 1939, due largely to the sharp increase in this coun 
try last year. The American output last year of near! 
67,000,000 tons represents 42 per cent of the world pr 
duction—greater than the combined output of German 
U.S.S.R., and England. 


Organizing for Defense 


Containing 54 questions and answers, a pamphlet of the 
American Iron and Steel Institute explains in lay languag: 
the steel industry's part in the Defense Program. It tells 
how the chief executives of about 30 steel companies ar 
organizing to promote the rearmament programs. 


Manganese Ore Supplies 


By Government purchases of 800,000 to 900,000 tons, 
the supply of metallurgical manganese ore will be sufh- 
cient for two or more years, said R. C. Allen in a recent 
address. 


Steel Output 100 Per Cent 


Recent steel ingot operations of the American steel in- 
dustry have averaged 100 per cent of capacity with some 
districts higher—Pittsburgh, 101.50; Buffalo, 106; and St. 
Louis, 111 per cent. 

(Other “Trends” on page 658) 
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